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HOW WE MADE 
THE COVER 


WELCOME 


DARK MATTER SOUNDS mysterious, and it is. We 
know it’s out there because stars don’t move around 
galaxies the way they should. But it’s invisible to the 
eye and indeed any kind of telescope. So is it some sort 
of unknown particle, or will a new theory of gravity need 
to be written? Top cosmology author Marcus Chown 
guides you through the possibilities on p40. Marcus also 
asks ‘What if dark matter could clump together into dark 
stars, dark planets and even dark humans?’ Turn to p36 
to explore the Shadow Universe. 
Back on Earth, it's this time of year that | usually come down with a sniffle, 
a sore throat or sometimes the flu. So I'm as keen as anyone to know how 
science can help me avoid the lurgy. Do supplements or inhaling steam really 
work? Simon Crompton separates urban myths from medical advice on p99. 
Speaking of myths, are dolphins the second most intelligent creatures on 
Earth? They certainly looked clever on the recent BBC nature documentary Spy 
In The Pod. Dolphin communication expert Justin Gregg investigates on p52. 
And finally, can you hear something? A low hum on the threshold of human 
hearing? You need to read p96 now... 
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APPEARING IN THIS ISSUE... 


1. How do you illustrate a cosmic realm of dark 
matter? One early approach was to create a 
Shadow Universe out of the headline itself. 


2. Showing 

an Earth 

made of dark 
matter made 

it look more 
mysterious. It’s 
artistic licence, 
of course. A <q 
real dark matter 
object would be 
invisible. 
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Don’t miss our March 
= issue, on sale 6 February 2014 


3. Once we'd added more coverlines and subtle 

Yy lighting effects, we decided on the familiar Focus 
red to make our masthead stand out. 

Y 


© ADVERTISING 


WWW 


Meg 
Barker 


Dr Barker is a 
senior lecturer in 
psychology at The 
Open University and 
author of Rewriting 


wa 


The Rules: An Integrative Guide To Love, 


Sex And Relationships. On p112 she 
reviews Perv, which looks at some of 
society's more unusual sexual tastes. 


WANT TO 


Turn to p32 to save 40% on 
SUBSCRIBE? the shop price of BBC Focus 


Marcus 
Chown 


The former 

NASA scientist 
and bestselling 
cosmology writer 
is the author of 
What A Wonderful World: One Man's 
Attempt To Explain The Big Stuff and 
Tweeting The Universe. |n this issue 
on p36 he looks for dark matter. 


Simon 
Crompton 


Award-winning 
health and science 
journalist Simon is a 
regular contributor 
to The Times and 
Prospect Magazine. On p99 he puts 
together a scientifically sound list of dos 
and don'ts to help anyone struck down 
by the dreaded lurgy this winter. 


Helen 
Pilcher 


Helen is a science 
writer and comedy 
performer who's 
addicted to movies; 
the bigger the 
better. In Hollywood Science on p122 
she takes on the giant beasts of 
Pacific Rim. Follow her on Twitter 

at helenpilcher1. 


SUBSCRIBER 0n p32 Stuart Clark reveals the future of lunar science 
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and how the Moon could provide us with limitless power 
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THE SHADOW 
UNIVERSE 
What if dark matter clumps 
together to form invisible 
stars, planets and life? 
Marcus Chown investigates. 


MARS ON EARTH 
We meet the 
scientists who are preparing 
Y, for a perilous mission to 
Y, the Red Planet. 
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HOW SMART 

ARE DOLPHINS? 
They seem intelligent, but 
simply having a large brain 
YZ, doesn't mean our aquatic 
acquaintances are smart. 
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THE STRANGE 


HUM 
Can science solve the riddle 
of the strange humming noise 
reported all over the world? 


HOW TO BEAT 
THE LURGY 
Just had to blow your nose? 
Read our scientific guide to 
overcoming winter ailments. 
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17 A QUANTUM LEAP 

A record-breaking experiment 
means super-powerful 
computers are a step closer. 


20 HYPERSONIC FLIGHT 
Meet the SR-72 aircraft that 
will be able to travel at six 
times the speed of sound. 


22 NEUTRINOS ON ICE 
The Antarctic IceCube 
experiment’s remarkable find. 


24NANO DRUGS 
We might soon be able to 
swallow nano-scale medicine. 


A QX 


27 ROBERT MATTHEWS 
Why do erroneous zombie 
facts refuse to die? 


29 HELEN CZERSKI 
Take some time to marvel at 
your breath on a cold day. 


31 STEPHEN BAXTER 
Robots are taking over the 
workplace - should we worry? 


122 HOLLYWOOD 
SCIENCE 

Helen Pilcher looks at how 
films play with reality; this 
month: Man Of Steel. 


81UPP HYDROGEN CELL 
Charge your gadgets on the 
move with a novel power pack. 


83 THE NEXT BIG THING 
Apps with built-in intelligence 


84 PLAYSTATION 4 
The best games console yet? 


85 APPLIANCES OF 
SCIENCE 
Cool and clever new kit 


8G ULTIMATE TEST 
We review new ultra-high 
definition television screens 


107 PICK OF THE MONTH 
Don't miss Ben Garrod's 
Secrets Of Bones on BBC Four. 


108 WATCH & LISTEN 
Science on TV and radio, 
including a look at this Dr 
Michael Mosley's Infested. 


110 TOUCH 
Smartphone and tablet apps. 


111 VISIT 
Great science days out. 


112 READ 
The month's science books. 


8 MEGAPIXEL 
Stunning images from 
the world of science. 


14 REPLY 


Your letters and comments. 


71Q&A 

Experts answer questions 
including: ‘Does the 
Universe go on forever?’ 
and ‘Why can't we cure 
the common cold?’ 


120 MINDGAMES 


Keep your grey matter in trim 


with our new science quiz. 


BBC Focus Magazine (ISSN 0966-4270) is published 13 times a year by Immediate Media Company Bristol, Sth Floor, Tower House, Fairfax Street, Bristol BS1 3BN, UK. Distributed in the US by Circulation Specialists, Inc., 2 Corporate Drive, Suite 945, 
Shelton CT 06484-6238. Application to mail at Periodicals Postage prices pending at Shelton, CT and additional mailing offices. POSTMASTER: Send address changes to BBC Focus Magazine, P.0. Box 37495, Boone, IA 50037-0495. 


FEBRUARY 2014 / FOCUS /5 


W——W—M 


XMS 


W ddd 


We want to know what you think - the more we know about you, the better placed we are to bring you the best magazine Y 
possible. So join our online reader panel, ‘Insiders’. Log on to www.immediateinsiders.com/register to fill out a short 
survey and we'll be in touch from time to time to ask for your opinions on the magazine. We look forward to hearing from you. 
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ADVERTISEMENT FEATURE 


ood things come in little packages, 

| ,so they say, — and it’s certainly true 

mee of the Canon PowerShot G16. 
Despite being small enough to fit 
comfortably in your coat pocket, the 
PowerShot G16 gives you all the tools 
you need to take great photos every 
time you hit the shutter button. You'll 
be amazed that pictures this good can come 
from such a small, lightweight camera. So 
how does the PowerShot G16 do it? 

Quality components have a key role to play. 
Specifically, the PowerShot G16 features an 
ultra-sensitive, backlit, 12.1-megapixel 1/1.7 type 
high-sensitivity CMOS sensor. Paired with Canon's 
new DIGIC-6 processor, this enables you to 


capture crystal-sharp images. Shutter lag is 
non-existent and for those vital action shots, you 
can shoot at up to 12.2 frames per second. 

But light-grabbing power is only half 
the story — it’s what you do with it that counts. 
With that in mind, Canon has equipped the 
PowerShot G16 with the full range of manual 
controls you'd expect to see on a DSLR camera. 
From full manual focus, ISO adjustment up to 
12,800, automatic bracketing and exposure 
compensation, manual control of shutter 
speed from 1/4,000 of a second all the way 
up to 15 seconds, and wide aperture of f/1.8. 
All these expert features can be found on this 
surprisingly well-appointed little compact — as 
well as an optical viewfinder and a hotshoe for 


an external flash. 

If, on the other hand, you’d like to take 
great photos without the hard work, then the 
PowerShot G16 can do that too, thanks to its 
impressive range of shooting modes, filters and 
built-in effects. There are dedicated modes for 
shooting in snow, for taking portraits and for 
ow-light conditions such as for fireworks and for 
astrophotography. Couple the PowerShot G16 
with the optional WP-DC52 waterproof case, and 
here’s even a mode for shooting underwater! 
Then there are the filters and effects, which 
include high-contrast, monochrome, soft-focus, 
background defocus, fish-eye, nostalgic (faded- 
colour) and ‘toy camera’ options. 

Add the PowerShot G16's powerful macro 


and zoom facilities, and you should find 
you've got everything you need to take the 
kind of pictures you've always dreamed of. 
Whether it’s a panoramic landscape shot, with 
every leaf on every tree captured in crisp detail, 
or an incredible close-up of a single flower, 
with dewdrops on the petals vivid and clear 
while the background gently fades away. 
Whatever kind of pictures you want to capture, 
the PowerShot G16’s job is to make sure you're 
getting great pictures, every time. 


CANON Benois: 


Canon 


ADVERTISEMENT FEATURE 


Images taken using the 
Canon PowerShot G16 


Canon PowerShot Gi6 
specifications 


12.1-megapixel TSO up to 12,800 


CMOS sensor Biclessece 


DIGIC 6 image autofocus 
2 ate 1080p video 


WISER Zo) Wi-Fienabled 
lens with 5x 


optical Zoom Weight: 356g 


Awe-inspiring images from the world of science 


Fluoro flyer 


IN A DARKENED wind tunnel a 
model of a prototype aircraft 
glows as it is buffeted by gusts. 
Fluorescent oil shows up 
turbulent air as psychedelic 
swirls, which enables engineers 
to study the craft's aerodynamics. 
The flyer is a 5.8 per cent scale 
model of the X-48C aircraft 
created by NASA and Boeing to 
investigate blended wing body 
(BWB) technology. BWB planes 
have wings smoothly merged 
with the body of the aircraft, 


resulting in greater fuel efficiency. 


The whole body of the plane 
generates uplift rather than just 
the wing. They are harder to 
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control than conventional 
planes, hence the need for 
extensive testing. BWB planes 
are also quieter because the 
engines are mounted on the top. 

“The remotely piloted 
research vehicle was flown 122 
times between July 2007 and 
April 2013 to explore its basic 
handling qualities. The project 
was extremely successful but it 
is really just the beginning for 
the hybrid blended wing body 
concept,” explained Peter W 
Merlin of NASA's Dryden Flight 
Research Center. 


PHOTO: NASA 


For more great pictures, follow us on 
http://pinterest.com/sciencefocus 
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Trunk route 


IN‘;CHERRAPUNJI, northeast 
India, trees grow on boulders, 
roots can grow sideways 
and the bridges are alive. 
This spectacular spans 
known as the ‘Umshiang 
Double.Decker Root Bridge’. 
The local War-Khasi tribe 
weave bridges out of the 
strong, tentacle-like roots of 


the giant rubber trees that ne eT, 

line the banks. According to 2) 
Helen Bostock of the Royal Ate. ag 
Horticultural Society, the oak 


trees are Ficus elastica. 
“They grow to 30-60m, and 
with a width of 20-60m they 
are just as wide as they are 
tall. So you can see why 
they need the support of 
more than just conventional 
roots,” she explains. 

To construct'the bridges, oP gts 
the tribe place a sliced and 
hollowed out betel nut palm 
trunk around a root to direct i. 
its growth. If you're in a 
hurry it’s best to find an 


y 
alternative crossing, as they Ppl 
take 10 years to grow. se 
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MegaPixel 


Ski Sun-day 


IT’S HARD TO believe 

that this grooved, snowy 
landscape isn’t the result 
of hundreds of eager skiers 
hitting the slopes. The 
stunning ‘mountain’ scenery 
is in fact found on the 
surface of copper indium 
gallium diselenide (CIGS), 

a substance used to make 
solar cells. 

CIGS is a semiconductor 
that excels at absorbing 
light and converting it into 
electricity. In tests carried 
out by Empa, the Swiss 
Federal Laboratories for 


Materials Science and 
Technology, it was found to 
have a conversion efficiency 
of 20.4 per cent, the highest 
score for a thin film. 

The image shows the 
surface of CIGS at 45 times 
magnification. It was taken 
with a scanning tunnelling 
microscope and then 
coloured by Eberhard Josué 
Friedrich Kernahan of the 
Autonomous University of 
Barcelona to give it an 
Alpine feel. 
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REPLY 


Your opinions on science, technology and BBC Focus Magazine 


MESSAGE OF THE MONTH 


Too much of 
anything is bad 
for you, but does 
coffee pose an 
extra risk? 


Concern over caffeine 


I DRINK TEA, coffee and fizzy drinks on 
a daily basis so was quite shocked when 
reading your December article (p37) on 
caffeine. You mentioned a study suggesting 
that men who drank 28 cups of coffee per 
week were 56 per cent more likely to die 
from all causes before the age of 55. This 
figure shocked me because four cups a day 
reminded me of the recommended daily 
allowance of alcohol for men, which is four 
units a day at most, and that only equates 
to two pints of low-strength beer. Regular 
consumption of alcohol is notorious for 
causing illnesses such as liver problems and 
mouth, neck, throat and breast cancer. 
Another point that prompted me to make 
this connection was the fact that pregnant 
women should monitor carefully how much 
caffeine they consumed, just like alcohol. 
Should caffeine be warned against as much 
as alcohol? Should television adverts tell us 
to watch how much coffee we drink, and 
should hospitals hand out leaflets on how to 


manage the ‘addiction’? I realise binge tea 
drinking at the weekend is a less popular 
hobby than binge alcohol drinking, but are 
we less worried by caffeine because it has 
a less noticeable effect on our bodies than 
alcohol? Please, can you state why caffeine 
isn’t as scary as alcohol and convince me to 
continue drinking my tea? 

Ethan Douglas, Northumberland 


The study you mention didn’t test coffee’s 
health effects directly. It was based on 
answers given to a general medical survey 
by a group of patients for over 30 years. 
One of the authors, Dr Car] Lavie, 
acknowledges that coffee has also been 
found to have benefits, being a source of 
antioxidants. But for people under 55 he 
says: “At least in our study, there’s reason 
for caution with high doses of coffee - for 
example, four cups per day or higher.” 
Watch an interview with Dr Lavie here: 
http://youtu.be/YOWwDSBwVqU - Ed 


a reply@sciencefocus.com 


@) BBC Focus Magazine, Tower House, 
Fairfax Street, Bristol, BS1 3BN 


W @sciencefocus 
[IE] www.facebook.com/sciencefocus 


=F | Letters may be edited for publication 


Thoughts on anti-gravity 
Regarding the article on anti-gravity 
(December, p68), don’t you think there’d 
be easier ways to generate electricity than 
reversing the flow of a river? Surely, the 
simplest way would be to coat one side of a 
turbine rotor suspended in a vacuum, spin it 
and you’d have an unlimited energy supply 
because nothing would wear out. 

As for the new Enterprise being dunked 
in the ocean in the latest Star Trek film... as 
much as I disliked the idea, it was built on 
the ground in the first film supported by 
anti-gravity devices. If their field generators 
could do that, than a dunk in the ocean 
would be easy, although I’m sure the natives 
would have seen it dive in. This technology 
advance, let alone being able to use the 
transporter across light-years, is beginning 
to make having a starship pointless. 

Geoff Willmetts, Bridgwater 


Evolving theorie 


It wasn’t just Darwin 
who came up with the 
idea of evolution 


In your article ‘How do we know... the 
theory of evolution’ (November, p112), 

you left out some important folk. Patrick 
Matthew (1790-1874) published his theory of 
the law of organic evolution in an appendix 
to Naval Timber And Arborculture in 1831. 
He made little fuss about it at the time, as 
he thought it was fairly obvious. But, after 
the publication of On The Origin Of Species, 
he wrote to Darwin, who acknowledged 
his precedence in later prefaces. Not that 


+) 
Write in and win! 


The writer of next issue’s Message of the Month wins a pair of Plantronics BackBeat 
GO 2 earbuds, worth £89. They connect via Bluetooth to a smartphone or tablet for 
wireless music or phone calls, and come with a special charging case to give you 
14.5 hours on the go. www.plantronics.com 
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Patrick was the first. We should remember 
William Charles Wells (1757-1817) as a 
candidate. He was also acknowledged by 
Darwin for his Essay On Dew, which he 
read to the Royal Society in 1813. It was 
published posthumously in 1818, including 
a paper where he discussed a hypothetical 
race in Africa who, if they were more 
resistant to disease and darker of skin, 
would be fitter to survive there, and could 
eventually come to predominate. They say 
‘Publish and be damned’... but to obscurity? 
Tony Matthews, Texas 


New sci-fi visions 


‘Goddam it Scotty, why do we still have flip-up mobiles? 
| want a touchscreen!” 


Having not read Focus for a number of 
years, I bought issue 262 (December) and 
read ‘Making matter from light’ (p21). It 
reminded me that you once published 

an article on Star Trek and how it had 
manifested itself in the modern world - 
Bluetooth headsets, ion drives, 3D printers 
etc. When this show was written, the writer 
surely didn’t know that these were to be the 
norm. Are there any ludicrous theories now 
that may one day come to fruition? And if 
there are, who’s coming up with them? 
Andrew Peters 


I don’t know about ludicrous, but I 
recently read 2312 by Kim Stanley 
Robinson, which depicted hollowed-out 
asteroids as spaceships. - Ed 


Evolution - the last word 


I found the first couple of paragraphs of 
‘The Future Of Us’ (November, p112) so 
irritating I nearly threw the magazine 
across the room (and would have done if 
it hadn’t been a waiting room). Of course 
we are still evolving. Why wouldn’t we 
still be evolving? Why would one of the 
fundamentals laws by which the world 
operates suddenly stop, coincidentally 
just in the era we happen to be living in? If 
previous occupants of the Earth evolved 
as dictated by the conditions of the time, 
why wouldn’t we? Yet the introduction to 
the article made this sound like a totally 
ground-breaking, off the wall idea. 

Why do scientific types have to be so 
hidebound and unimaginative, unable to 


apply their expertise to see past man’s 
utterly egocentric world view? They are 

the intellectual heirs of medieval scientists 
who thought the Sun revolved around the 
Earth. And in the same issue you trailed an 
upcoming BBC programme called Do Aliens 
Exist?, which is symptomatic of the same 
hidebound, human-centric mindset. 

Harry Ryder, Kidderminster 


Nettle stings in the dock 


In your December issue there was a 
question ‘Do dock leaves really heal nettle 
stings?’ It’s been decades since I used this 
method, but I noticed your answer omitted 
avery important ingredient: spit. Yes, good 
old reliable saliva on the dock leaf before 
rubbing it onto the nettle sting. Any chance 
Luis could do the experiment again? 
Lynda Holohan, Wicklow, Ireland 


Luis says he’d need to do six different 
tests: 1. Just nettles; 2. Nettles plus dock; 
3. Nettles plus some other leaf; 4. Nettles 
plus spit; 5. nettles plus dock plus spit; 6. 
Nettles plus other leaf plus spit. That’s a 
lot of pain for one man Lynda... - Ed 


YOUR COMMENTS ON 


FACEBOOK 


Would you like your parcels 
delivered by autonomous 
flying drones? 


Christopher Frankland How about 
an eco friendly option? [Waterstones’s 
O.W.L.S spoof: http://bit.ly/1889jFh] 


Ruby Slippers Ah, yes, even fewer 
jobs for humans... no thanks 


Pete Brewer Yet again machines 
making people unemployed 


Ross Kobak Five reasons this will 
never happen. 1) people would shoot 
them out of the sky; 2) environmental 
impact; 3) If one runs out of power and 
lands on someone - splat! 4) Would 
people try to steal the drone? 5) Kids try 
and touch them - bye bye hands. 


Pete Brewer If people are injured by 
the drones the company will be sued 
sky high. What is the FAA's view on this? 


Ross Kobak An alternative would be 
an autonomous vehicle that alerted you 
via text when it was outside your house; 
a special pass code could allow you to 
access your delivery. 


Join the discussion at 
facebook.com/sciencefocus and 
turn to p31 for Stephen Baxter’s 
take on delivery drones. 
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Love your heart 


Cardioace 


L-Carnitine, Co-Q10 

Folic Acid, B1, B6, B12 

\ FlaxseedOil /7 
Vitamin D3 / 


heart function 
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Cardioace® Original 
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SCIENCE OF HEALTHY LIVING 


“Cardiol 


with Cardioace 


“Cardioace’ Plus contains 
plant sterols to help me 
maintain my normal 
blood cholesterol levels!” 


“I take Cardioace® Original 
tablets with thiamin to help 
maintain my heart health.” 


Cardioace® has been developed on the 
basis of extensive worldwide research to 
help support all round health including 
nutrients for heart health. 


It includes thiamin which contributes to 
the normal function of the heart plus 
vitamins B6, B12 & folate which contribute 
to normal homocysteine metabolism. 


Cardioace® Plus contains 1.3g 
of Cardiol™ plant sterols which 

> contributes to the maintenance of 
normal blood cholesterol levels*. 


Try Cardioace® today — from Vitabiotics, 
experts in nutritional support. 


ei UK’s comprehensive 
Cardioace No.1 heart health formula 
plus 


Plant sterols... &Y cardioacee healthy heart tips 
cholesterol 


levels 


The main ways to help maintain a healthy heart and blood pressure include: 


@ Eat a balanced diet with 5 or more daily portions of fresh fruit and 
vegetables to keep your body and heart in top shape. 
function \ Garlic, Co-Q10 


nie So8 @ Exercise — try for 30 minutes of moderate exercise 5 times a week. 
Rey @ Don’t smoke. Smoking can greatly increase the risk of heart problems. 
a: ®@ Maintain your body weight within the normal range for your height. 


smanurors Hf Omega-3 
Plant Sterols 


Originally developed with 


def hat 


Cardioace® Plus 
Prof. A. H. Beckettt 
OBE, PhD, DSc 
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DISCOVERIES 


News and views from the world of science 


An artist's impression 
of a particle ina 
quantum state, which 
could be used for 
super-fast calculations 


HYPERSONIC 
FLIGHT 

Meet the aircraft 
that will fly six times 
faster than the 
speed of sound 


ICE-COLD 
NEUTRINOS 
A find at the Antarctic 
=) IceCube Observatory 
sheds light on pulsars 
and black holes 


THE BIG STORY 


N QUANTUM LEAT 


“Superfast computing takes a step forward 
with a record-breaking experiment 


WE’VE ALL BEEN there. You’re 
happily working away on your 
computer when, without warning, 
the processor grinds to a halt, 
leaving you to look on in frustration 
as the spinning wheel of death... 


Well; today’s lacklustre laptops 
have taken a small step closer to 
obsolescence. Researchers at 
Canada’s Simon Fraser University 
have managed to store 

quantum information at room 


NANO DRUGS 
BREAKTHROUGH 
The new technique 
that means nano- 
scale medicine can 
get into your cells 
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Discoveries 


Two particles exhibit quantum 
spin; a quantum computer takes 
advantage of this property 


>) temperature for 39 minutes, smashing 
the previous record of 2 seconds. It’s 
a step towards the holy grail of quantum 
computing, explains Simon Fraser 
University’s Prof Mike Thewalt. 

“Tt would have a huge impact on security, 
code breaking and the transmission and 
storage of secure information. It would solve 
problems that are impossible on any 
conceivable normal computer and could lead 
to the development of new drugs by a deeper 
understanding of interactions between 
molecules,” says Prof Thewalt. 

The quantum computer exploits a property 
of subatomic particles known as ‘spin’. The 
idea is that an atomic nucleus acts like a tiny 
bar magnet when placed in a magnetic field. 
The spin can be manipulated to point up or 
down. If the spin is up, it represents zero; if 
down, a one. This is the equivalent of the 
familiar ‘bit’. But a quantum computer deals 
in ‘qubits’ — these can be in a ‘superposition’ 
state to represent ones and zeros at the same 
time. It’s why a quantum computer would 
be so fast - it would perform multiple 
calculations simultaneously. 


a TIMELINE 


Until now, quantum systems have 
been unable to reliably store data unless 
they’ve been first cooled down to incredibly 
low temperatures. So storing quantum 
information at room temperature for as 
long as 39 minutes is a major breakthrough, 
says the University of Oxford’s Stephanie 
Simmons, who collaborated on the project. 
“Thirty-nine minutes may not seem very 
long, but in theory, this means that over 
20 million operations could be performed 
in the time it takes for the superposition 
to decay by one per cent,” she explains. 

However, there’s still a way to go before 
you’ll be turning on a quantum computer 
at home. The spins of the 10 billion 
phosphorus ions used in this experiment 
were all in the same quantum state. To run 
calculations, the qubits would need to be 
in different states. 

“Having such robust, as well as long-lived, 
qubits could prove very helpful for anyone 
trying to build a quantum computer. To have 
them talking to one another controllably 
would address the last big remaining 
challenge,” says Simmons. 


A quantum computer has been in the pipeline for 30 years 


Soviet mathematician The University of Oxford's | Scientists at MIT and Scientists from IBM The first qubyte, an 

Yuri Manin proposes David Deutsch details the University of Waterloo | and Stanford University entanglement of eight 
the concept of using the | the universal quantum create the first working demonstrate Shor's quantum particles, is 
spins of atoms as away | computer, a theoretical three-qubit quantum Algorithm, a method created at the University 
of creating quantum bits, | modelofamachinemade | computer based on for finding prime factors, of Innsbruck in Austria, 
called ‘qubits’. from quantum gates nuclear magnetic ona seven-qubit computer. 


instead of logic gates. resonance. 


ANALYSIS 
Peter 
Bentley 


Computer scientist at UCL 


4 A CLASSICAL QUANTUM 
computer like this uses 
something called qubits, which are 

like regular computer bits in that 
they can take values of 1 or 0. But 
it's only when you measure their 
state that they actually have a 
state. That means a quantum 
computer of this kind could do a 
vast number of calculations at the 
same time because the bits are in 
all states at the same time. In 
theory this sounds fabulous. But in 
practice we are struggling to 
create any memory of any kind let 
alone process any bits. There have 
already been two or three decades 
of worrying about this so we are 
realising just how crazily tough it is. 
There are, however, other 
approaches to quantum computing. 
For example, a company called 
D-Wave has a chip that can handle 
512 bits but it works in a different 
way. It is a quantum chip but it’s 
not doing all of this entanglement 
stuff, It's using the messy 
randomness of quantum mechanics 
to search for the solutions to 
problems, and this way is working 
much better. But even so, they 
have to shove it in a gigantic metal 
casing to stop magnetic radiation 
and also freeze it in a gigantic 
refrigerator. And it still isn’t doing 
anything that a conventional 
computer cannot do. 
It's so enormously difficult to 
do anything in this field that this 
is an impressive advancement. But 
does it mean we can expect a 
quantum computer around 
the corner? No, it doesn't. Y § 
S WHAT DO YOU THINK? 
Will you soon be booting up a quantum 
computer? Give us your predictions at 
facebook.com/sciencefocus 


20089 ea 
Researchers at Yale 
create the first solid-state 
quantum processor. 

The two-qubit chip is used 
to run simple algorithms. 
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Aviation 


The unmanned SR-72 
will be able to travel six 
times faster than the 
speed of sound. Inset: 
the SR-71 Blackbird 


IN 1976 LOCKHEED’S SR-71 
Blackbird flew from New York 
to London in less than two 
hours, travelling at more than 
three times the speed of sound 
and setting a world speed 
record that still stands today. 
Now, nearly 30 years later, 
Lockheed Martin’s advanced 
concepts division, Skunk 
Works, has announced plans to 
develop the SR-71’s successor. 
Known as the SR-72, it will be 
capable of reaching six times 
the speed of sound, around 


Plans for hypersonic plane take flight 


7,240km/h (4,500mph), 
making it the company’s first 
plane to break the hypersonic 
boundary of Mach 5. 

When built the aircraft will 
most likely be used as an 
unmanned spy plane. It will be 
so fast, the company claims, 
that potential adversaries 
would be unable to react to 
its movements. “Hypersonic 
aircraft, coupled with 
hypersonic missiles, could 
penetrate denied airspace and 
strike at nearly any location 


across a continent in less than 
an hour,’ said Brad Leland, 
programme manager of 
hypersonics at Lockheed 
Martin. “Speed is the next 
aviation advancement to 
counter emerging threats 
in the next several decades. 
The technology would be a 
game-changer.” 

To reach speeds of up 
to Mach 6 the company 
is working with Aerojet 
Rocketdyne to create a hybrid 
engine. This will use a regular 


turbine at speeds up to Mach 3, 
and a scramjet, or supersonic 
combustion ramjet, to reach 
higher speeds. A ramjet 
compresses air forced into it 
from the atmosphere at high 
speeds, injects fuel into the 
airstream and ignites it to 
create thrust. 

The SR-72 is designed to 
fly at high-altitude in the 
stratosphere, reaching 24,000m 
(78,740ft). Commercial aircraft 
cruise at an altitude of around 
9,000m (30,000ft). 


Men’s noses are bigger than women’s to 
feed larger muscles with more oxygen 


Researchers from the 
University of lowa 
measured the growth 
of people’s noses... 
for 20 years 


The scientists took external and 
internal measurements of the 
noses of 38 volunteers starting 
when they were aged three and 
finishing when they were in their 
mid-twenties. 


To figure out why men and 
women’s noses differ in size. 


It turns out that difference in size 
is down to the greater oxygen and 
energy requirements associated 
with carrying more lean muscle 
mass. Essentially, the more 
muscle you have the bigger your 
nose will be. This could also 
account for the fact that modern 
humans have significantly smaller 
snozzes than their burlier relatives 
such as the Neanderthals. 
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Discoveries 


Materials science 


Why 2D tin could transform electronics 


WHILE IT’S CURRENTLY 
associated with the storage 
of baked beans or a fictional 
woodman in search of a heart, 
tin looks to be well on its way 
to becoming the world’s next 
super material. 

A team of theoreticians 
at Stanford University have 
calculated that a material 
created by arranging tin atoms 
into a layer just one atom 
thick could become the first 
ever material to conduct 
electricity with 100 per cent 
efficiency in computer chips. 
They dubbed the material 
‘stanene’, a portmanteau 
combining the Latin name for 
tin, stannum, with graphene, 
another single-layer material 
with fascinating properties. 

“Stanene could increase the 
speed and lower the power 
needs of future generations 
of computer chips, if our 


Humble tin could 
become the super 
material of the 
near future 


prediction is confirmed by 


experiments that are underway 


in several laboratories around 
the world,” says team leader 
Prof Shoucheng Zhang. 

Their calculations indicate 
that a single layer of tin would 
act as a topological insulator at 
and above room temperature. 


Stanene is a 
one-atom-thick layer 
of tin that can conduct 
electricity with 100 
per cent efficiency 


Topological insulators are 

a special class of materials 
that conduct electricity on 
their outside edges but not 
through their interiors, due 
to interactions between the 
electrons and nuclei of heavy 
atoms within. 

The team’s predictions 
indicate that the material 
could display its impressive 
conductive properties at 
temperatures up to 100°C, 
making it ideal for use in 
electronic chips. There 
are currently experiments 
underway in Germany and 
China to fabricate stanene 
and test these claims. 

“Eventually, we can imagine 
stanene being used for many 
more circuit structures, 
including replacing silicon 
in the hearts of transistors,” 
Prof Zhang says. “Someday 
we might even rename Silicon 
Valley ‘Tin Valley’.” 


1 MINUTE EXPERT 
Bio-battery 


Say what? 

Researchers at Carnegie 
Melon University have 
created a battery using 
melanin, the substance 
that creates pigment in 
human skin to protect 

you against radiation from 
the Sun. It’s the compound 
that gives you a tan. 


How does it work? 
Batteries store and 

release charge through 

the movement of charged 
particles called ions from 
one electrode to another. 
The team created positively 
charged electrodes 

using a melanin mixture, 
introduced sodium ions 

to them and then loaded 
them into a steel mesh. 
The resulting battery 
could power a small device 
for up to five hours. 


What could it be used for? 
Since they aren’t toxic, 
bio batteries could 
potentially be used 

as power sources for 
systems that go into the 
body, deliver therapy 

as necessary and then 
naturally disappear. 
They could be used to 
treat everything from 
torn ligaments to 
cancerous tumours, 

the researchers say. 


WHO’S IN 
THE NEWS? 


officer at 


Technology 


Robert Lanza 
Chief scientific 


Advanced Cell 


© What did he say? 

He has stated that current 
theories about space and 
time are fatally flawed 
and that death is merely 
an illusion. 


How's does that work? 
He calls his theory 
biocentrism. Essentially 
he says that rather than 
being responsible for 


© Blimey, that’s a bold claim. 


creating life, the Universe is 
merely a product of our own 
consciousness of it. 


© My head hurts. Does he 
have any evidence? 
Lanza reckons the famous 
double-slit experiment, 


of both waves and particles, 
backs up his theory. In this 
experiment particles act like 


which shows that matter and 
energy display characteristics 


waves if not being directly 
observed. This means the 
particle’s behaviour changes 
according to an observer’s 
perception. In essence 

we create the Universe by 
observing it. 


© So what happens when 

we ‘die’ then? 

We become a ‘perennial 
flower that returns to bloom 
in the multiverse, apparently. 
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Particlefphysic 


IF NEUTRINOS WERE 
people their neighbours 
would describe them as 
‘keeping themselves to 
themselves’. Billions of the 
near-massless subatomic 
particles pass through the 
Earth every second, but as 
they rarely interact with 
anything they are incredibly 
difficult to detect. 


Psychology 


The overwhelming 
majority we have spotted 
originate from either the 
nuclear reactions in the Sun 
or from cosmic rays hitting 
the Earth’s atmosphere. 
However, after three years 
of searching the skies, the 
Antarctic-based IceCube 
Neutrino Observatory 
has detected a group of 


Observatory u: 
thousands of sensors 
beneath the Antarctic ice 
to catch fleeting neutrinos 


the dawn of a new age of 
astronomy.” 

The neutrinos may carry 
information all the way from 
supernovae, black holes 
and pulsars. Occurring in 
the farthest reaches of the 
Milky Way and beyond, 
astronomers would be able 
to examine these events by 
studying the neutrinos. 


neutrinos likely to originate 
from much further afield. 
“This is the first indication 
of very high-energy 
neutrinos coming from 
outside our Solar System,” 
says Francis Halzen, 
principal investigator of 
IceCube. “It is gratifying 
to finally see what we have 
been looking for. This is 


Listen to your gut to avoid a broken heart 


THERE ARE NO doubt 
countless brides and grooms 
who have felt knots in their 
stomach when tying the knot. 
But according to psychologist 
James K McNulty, their 
gut instinct could actually be 
trying to warn them of future 
marital problems. 

McNulty asked 135 pairs 
of newlyweds several 
straightforward questions 
about their relationships. 
He then measured their 
gut-level feelings by flashing 
photos of their spouse 
along with captions such as 
‘awesome’ or ‘awful’ 


on a computer screen and 
asking them to grade the 
word as negative or positive. 
“Tt’s generally an easy task, 
but flashing a picture of their 
spouse makes people faster 
or slower depending on their 
automatic attitude towards 
them,” McNulty said. 
Through measuring their 
reaction time he was able 
to determine their gut-level 
feelings. He found these 
not only differed from the 
conscious responses but 
also gave a much better 
prediction of the couples’ 
long-term happiness. 


Feeling nervous on the day? Your gut feeling could be trying to tell you something 
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The soaring secret of 
the albatross revealed 


IT’S LONG BEEN known that 
the Wandering Albatross 
can travel thousands of 
kilometres without flapping 
its wings. But exactly how 
it accomplishes this has 
baffled scientists and 
engineers for many years. 
However, a team at the 
University of Technology in 
Munich thinks it finally has 
the answer. It hinges on the 
use of something known as 
‘dynamic soaring’. This 
involves the birds flying 
from the calm layer of air 
close to the ocean waves 
up into the much faster 
winds above, which gives 
them a boost into the air. 
They then turn and swoop 
downward, getting another 
speed boost as they glide 
along with the wind. By 
repeating this process they 
are able to travel from 
sub-tropical to Antarctic 
waters on trips covering 
up to 10,000km (6,200 
miles) in 10 to 20 days. 


Keep fit for smarter babies 


© Calling all pregnant ladies. If you 
want your child to win a Nobel 
Prize then you'd better put on your 
trainers. Just 20 minutes of 
moderate exercise taken three 
times a week during pregnancy 
can speed up the newborn child's 
brain development, say researchers 
at the University of Montreal. The 
team found the brains of newborns 
aged eight to 12 days displayed 
greater activity when they were 
exposed to new sounds if their 
mothers took regular exercise. 


-- -- 


Sea migration 


Air migration 


Maven headed for Mars 


© NASA'S Maven spacecraft 

has embarked upon its 10-month 
journey to the Red Planet 
following a successful launch 
from Florida’s Cape Canaveral 
Air Force Station. Assuming that 
all goes to plan, the $671 million 
(£410 million) probe will gather 
data about the Martian climate in 
an attempt to understand how 
the planet was deprived of most 
of its atmosphere, turning it from 
warm and wet into the cold, dry 
and hostile world we see today. 
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How the distance travelled by the 
Wandering Albatross compares to 
other far-ranging species 


Fire and ice 


© The effects of global warming 
are well documented, but things 
could really heat up in Antarctica 
if a newly found volcano erupts. 
Researchers spotted the volcano 
buried beneath 1km (half a 

mile) of ice while investigating 
earthquakes in West Antarctica. 
While an eruption would be 
unlikely to breach the surface, 
the heat could create a 
significant amount of meltwater, 
scientists from Washington 
University in St Louis claim. 


Mount Sidley is part of a range 
in West Antarctica where the 
new volcano was found 
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Nano drug breakthrough 


NANOPARTICLE DRUG 
delivery systems have proved 
to be a huge success in 
the targeted treatment of 
everything from arthritis to 
cancer. However, nanoparticles 
have had to be injected into 
patients —- when taken orally 
they are unable to break 
through the barrier of cells 
lining the intestine. Being able 
to take them in pill form would 
make it easier for patients to 
manage their own treatment. 
Now a team based at 
Brigham & Women’s Hospital 
has hit upon a novel solution 
that may see the cutting edge 
treatments reaching more 
patients. “The key challenge 


is how to make a 
nanoparticle get 
through this barrier 
of cells. Whenever 
cells want to form 
a barrier, they make 
these attachments 
from cell to cell. It’s 
a bit like a brick wall 
where the bricks are the 
cells and the mortar is the 
attachments, and nothing 
can penetrate that wall,” said 
team leader Omid Farokhzad. 
For inspiration, Farokhzad 
looked at how babies absorb 
antibodies from their mothers 
milk. The antibodies act as a 
key to unlock receptors found 
on the surfaces of cells that 


? 


Water found on alien worlds 


We can detect water vapour ona 
planet by studying the starlight that 
has passed through its atmosphere 


THE HUBBLE SPACE 

Telescope has detected 

water in the atmospheres 

surrounding five distant 

worlds. The planets are 

all massive Jupiter-sized 

bodies that orbit close to 

their host stars. But thanks 

to their blazing hot surface 

temperatures they are unlikely 

to host life as we know it. 
“We're very confident that 

we see a water signature for 

multiple planets,” said NASA’s 

Avi Mandell. “This work really 

opens the door for comparing 

how much water is present 


in atmospheres on different 
kinds of exoplanets, for 
example hotter versus 
cooler ones.” 
The studies were part 
of a census of exoplanet 
atmospheres using Hubble’s 
Wide Field Camera 3. The 
researchers can identify the 
gases that are present ona 
planet by determining which 
wavelengths of the parent 
star’s light are transmitted and 
which are partially absorbed. 
The study also revealed a 
layer of haze or dust around 
the planets. 


line the intestine. This allows 


them to break through the 
intestinal walls and enter the 
bloodstream. By coating the 
nanoparticles with antibodies, 
they were able to reproduce 
this effect. 


The hope is that we will 
soon be able to swallow a 
pill of nanoparticles to fight 
disease more effectively 


So far the technique has 
only been used for the oral 
delivery of insulin in mice, 
but researchers say it could 
be used to carry any kind of 
drug that can be encapsulated 
in a nanoparticle. 


Cars to drive rainfall research 


FOR SOME PEOPLE cars are 
an outward expression of their 
personality, for others they’re 
simply a means of getting from 
A to B. But researchers at the 
University of Hannover have 
a different take: they want 
motorists to measure rainfall. 
Inspired by the observation 
that drivers put their wipers 
on faster in torrential rain and 
slower in light showers, the 
team has devised RainCars, 


ARainCar undergoes tests in 
the team’s rain simulator 


GPS-enabled vehicles that tour 
German towns and cities to 
record levels of precipitation. 

Being mobile gives the 
RainCars an advantage over 
conventional rain gauges. 
While accurate, they are often 
too sparsely distributed to 
capture the intricate regional 
variations in weather patterns. 

The team is also hoping to 
collaborate with taxi drivers 
in the near future. 
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WHAT THE PAPERS SAY 


Henry Gee on the latest from leading journals 
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WHEN A YOUNG Swedish 
researcher named Svante 
Paibo extracted DNA from 
Egyptian mummies back in 
1985, it seemed little more than 
a cool trick. Fast-forward to 
today, however, and the study 
of ancient DNA is making a 
serious impact on the way we 
understand human evolution. 
It’s thanks to ancient DNA 
research that we now know of 
the existence of several extinct 
human species despite having 
never uncovered any physical 
remains such as bones or tools. 
This is achieved by comparing 
modern human DNA with 
DNA from various ancient 
humans and looking for 
sequences of genes that could 
only have come from these, as 
yet undiscovered, ancestors. 
Not long after the human 
genome was sequenced in 
2003, Paibo promised that his 
team would sequence the 
genome of Neanderthal Man, 
our closest extinct relative. At 
the time it sounded like a rash 
boast, but by 2006 he had 
sequenced a million DNA base 
pairs, before completing the 
entire genome in 2010. 
Sequencing DNA from 
fossils is extremely difficult. 
Distinguishing the degraded 
DNA from the DNA of 
bacteria, fungi and human 
contamination presents a 
serious challenge. Nevertheless, 


: A member of 

of Svante Paabo’s 
Vi team extracts 
. ancient DNA 

in the lab 


three Neanderthal genomes 
have now been sequenced. 

Last year DNA extracted 
from a tiny finger bone from 
Denisova Cave, in Siberia, 
revealed that it belonged 
to an otherwise completely 
unknown kind of fossil 
human. Comparisons between 
Neanderthal, Denisovan and 
modern human genomes 
shows not only that these 
humans interbred, but that 
other, undiscovered kinds of 
early human existed too. 

Now Paiibo’s team has 
extracted the mitochondrial 
DNA (mtDNA) of a 400,000- 
year-old human bone from 
Atapuerca, Spain. Mitochondria 
are small bodies in the cell that 
contain a tiny genome of their 
own. The Atapuercans lived 
before the Neanderthals and 
were thought to be their direct 
ancestors. However, the 
mtDNA shows that they were 
in fact more akin to the 
Denisovans. Excitingly, this 
could be a sign of a deep 
ancestral connection that 
stretches back even further 
into the past - secrets that 
DNA is helping us to unlock. 


HENRY GEE is a 
palaeontologist 
and evolutionary 
biologist, and a 
senior editor of 

‘ the journal Nature 
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New websites, blogs and podcasts 


ALL EYES ON PARIS 
www.alleyesonparis.com 

See what your cat sees as it 
wanders around Paris. Okay, 
so your cat probably doesn’t 
wander around Paris. But 
the familiar landmarks will 
provide a useful backdrop 
to compare a human’s world 
with a cats — or a bee’s, or 


even a falcon’s. Sadly the site is not yet up and running for OSX 
users, but the creators promise they’re working on it. 


PROJECT EULER 
www.projecteuler.net 

Ever fancied learning how to 
code? Project Euler will give 
you something to aim towards. 
The site contains a series of 
problems to attempt, starting 
off relatively easy 

and getting harder. If you’re 
not sure whether you want 


to make the commitment, you can preview the problems first 


before your grey matter is fried. 


REAL SCIENTISTS 


www.realscientists. 
wordpress.com 

This is for anyone who’s 

ever wondered what ‘real’ 
scientists do all day. Each 
week a different scientist 

or science communicator 
takes the reigns of the Twitter 
handle @realscientists and 


tweets about their life. They’re a diverse lot, including field 
biologists tweeting from the forest and journalists who pore 
over scientific breakthroughs for a living. 


KELLY OAKES is a 
science journalist 
who tweets from 
@kahoakes 


DIGITISED DISEASES 
www.digitiseddiseases.org 
Here you'll find images 
and details of 1,600 human 
bone specimens, including 
the deformed skull of a 
young woman who died of 
syphilis hundreds of years 
ago. They’ve been made 
available for doctors and 
curious members of the 
public to study for free on 
this newly launched site. 
It’s pretty gruesome stuff, 
but fascinating. 
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The smart wig 


WIGS HAVE NEVER been the most fashionable accessory - just look 
at Donald Trump - but that may be about to change. Behold: the 
SmartWig! Sony's high-tech hairpiece will come equipped with a 
processor and a series of sensors hidden amid the coiffure. These 
will allow the technological toupée to perform a variety of functions. In 
navigation mode, for instance, a GPS sensor could track your location, 
while four actuators - one on each side of your head - would vibrate 


to give you directions. 


But that’s not all. Giving a business presentation? Then use the wig's 
inbuilt laser pointer, and scroll through the slides by pressing buttons 
under your sideburns. The wig's inventor has already tested his device 
during internal meetings. “[The] audience was more interested in the 
wig than in the presentation contents,” states the patent. Unsurprising, 
really. It's not every day your boss walks in sporting a laser-firing hairdo. 
Patent application: US 20130311132 


Google: socialising so 
you don’t have to 


MAINTAINING YOUR PRESENCE 
on sites like Facebook and Twitter 
is a time-consuming business. In 
an effort to help the time-strapped 
socialite, Google is patenting a 
system that does the work for 
you. The software will analyse 
your previous interactions and 
then provide a list of suggested 
replies that will be indistinguishable 
from your usual posts. It'll mean 
that you can react to all those cat 
videos and baby photos without 
actually having to see them. 
Patent number: US 8,589,407 


A portable solar 
power plant 


GENERALLY SPEAKING, SOLAR 
power plants are cumbersome 
beasts. However, UK clean tech 
company Renovagen has invented 
a portable version that it hopes 
will save lives in disaster zones. 
The system, which is small 
enough to fit inside a shipping 
container, comprises a 
retractable roll of photovoltaic 
panels that's up to 200m long. The 
panels are made from a flexible, 
pre-wired material so that they 
can be spooled out like cling film. 
Patent application: GB2502661 


Brightest ever black hole 
birth witnessed 


Astrophysicist Tom Vestrand poses with a telescope array that forms the RAPTOR network 


THANKS TO THEIR gravity 
being so strong that even 

light can’t escape, black holes 
spend most of their lives in the 
dark. Their births, however, 
are a different story. The 
singularities come into being 
in a colossal explosion of light 
and energy created by the 
collapse of a dying star. 

Now, the Los Alamos 
National Laboratory’s network 
of RAPTOR telescopes in 
New Mexico has recorded 
one of the brightest black hole 
births ever witnessed. The 
unglamorously named GRB 
130427A was observed in the 
constellation of Leo, exploding 
into being in an exceptionally 
bright flash of visible light and 
cosmic gamma rays. The event 
was so energetic that scientists 
recorded gamma rays with 
higher energies than was 
previously thought possible. 


Ursa Major 


The incredibly rare event 
was also recorded by a raft 
of other instruments including 
the gamma-ray and X-ray 
detectors aboard NASA’s 
Fermi, NuSTAR and Swift 
space-based observatories, 
giving researchers a treasure 
trove of information. 

“This was a ‘Rosetta Stone’ 
event that illuminates so 
many things - literally,” says 
Los Alamos astrophysicist 
Tom Vestrand. “We were 
very fortunate to have all of 
the NASA and ground-based 
instruments seeing the event 
at the same time. We had 
all the assets in place to 
collect a very detailed 
set of data. These are results 
that astrophysicists will be 
looking at for a long time 
to come because we have 
arecord of the event as 
it unfolded.” 


e 
GRB 130427A 


A before and after view of the black hole GRB 130427A being born, as 
seen in gamma rays by the Fermi Large Area Telescope 
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INSIDE SCIENCE 


ROBERT MATTHEWS 


From the cause of depression to why the sky is blue, zombie facts are here to stay 


HILE IT’S NICE to learn new 
things, | can’t deny the 
pleasure of having prejudices 
confirmed. For years I've 
struggled to be pleasant to 
hippy-drippy people who've insisted on telling 
me how creative, intuitive and ‘right-brainec! 
they are. Or is it ‘left-brained’? Whatever; what 
| can remember is that | usually end up thinking 
the person telling me all this is no-brained. 

Now it seems my dismissive attitude was 
spot on. A team of neuroscientists in the US 
has published a study of the brain scans of 
over a thousand people, looking for signs 
that some have brains that are more active 
on one side than the other. And they found 
diddly squat. Sure, much of what goes on in 
our heads tends to involve one or other side 
of our brain. Language, logic and calculation 
is typically dealt with on the left, while spatial 
abilities and visual imagery tends to involve 
the right side. But the idea that some people 
naturally have brains more active on one side 
than the other is cobblers. 

So that’s another popular myth laid to 
rest. Yet | doubt we've heard the last of the 
left brain/right brain theory. | suspect it's 
one of those ‘zombie facts’ that refuse to 
die, no matter how much hard evidence is 
used to bury them. There's no shortage of 
them: water always gurgles down plug-holes 
anticlockwise north of the equator; the sky 
is blue because it's a reflection of the sea; 


scientists can't explain 

how bees fly. None éé 4 
ees’ “Why do zombie facts 
Water audesdown persist? It’s because, 
in directions dictated . os 

by the peculiarities as with the left/right 
of basins and taps; . 5 

light scattering off brain myth, there Ss a 
air molecules is the H Hat hed 
cause of blue skies grain of truth in it 
and scientists know 


full-well how bees fly (though it is complicated). 

Yet no matter how often the explanations are wheeled out - not least 
by this illustrious publication - the myths persist. Part of the reason, | 
suspect, is that these ‘zombie facts’ often contain a grain of truth. For 
example, the water in a basin is subject to the so-called Coriolis effect 
generated by the Earth's spin. And this does compel huge air masses 
like hurricanes to rotate anticlockwise north of the Equator, and vice 
versa to the south. On the scale of washbasins, though, the force is too 
weak to matter. 


In ae scientists 
do understand the 
physics of bee flight, 
but it’s complicated 


However, even the scientific community has been known to peddle 
zombie facts. Take the current explanation of mental disorders like 
depression. As everyone knows, these conditions are caused by chemical 
imbalances in the brain, where levels of neurotransmitters like serotonin 
get out of whack. Fortunately drugs like Prozac can restore the 
biochemical balance. That's the science, yet the reality is that the cause 
of mental disorders like depression is unknown. And exactly how - or 
even if - antidepressant drugs work remains deeply controversial. 

Why do these zombie facts persist? Again it's partly because - as with 
the left/right brain myth - there's some truth in it. Neurotransmitters are 
involved in disorders like depression, but in ways far more complex than 
mere ‘imbalances’. So shouldn't psychiatrists do more to alert us to these 
myths? I'm not so sure. After all, we know belief alone can bring about 
miracles - or, as it’s called, the placebo effect. | feel as if the logical left 
side of my brain is saying truth 
must prevail, while the touchy- 
feely right side says some 
zombie myths about the brain 
do more good than harm. & 


SS 
ROBERT MATTHEWS is Visiting 
Reader in Science at Aston 
University, Birmingham 
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@ HOT TOPIC 


MALE BRAIN 


Neuroscience 


Are men and women wired differently? 


THE OPPOSITE SEX can behave in 
mysterious ways, and many of us have no 
doubt shrugged it off and sighed, ‘Well, 
we're just wired differently’. But now there 
may be some truth to this oft-muttered 
lament, according to researchers at the 
University of Pennsylvania. 

When investigating differences in 
the connectomes (maps of the neural 
connections in the brain) of the two 
sexes, the scientists found greater neural 
connectivity from front to back and 
within one hemisphere in men, and more 
connections between the left and right 
hemispheres in women. 

The researchers say the findings 
reinforce long-held, but controversial, 
gender stereotypes: that men excel when 
concentrating on single perception- 
based activities such as map-reading, 
while women are more effective when 
multitasking or working in groups. 


“These maps show us a stark difference 
in the architecture of the human brain 
that helps provide a potential neural basis 
as to why men excel at certain tasks, and 
women at others,” says Assistant Professor 
Ragini Verma, the paper’s author. 

However, the study has come under 
criticism for failing to account for 
neuroplasticity, the fact that connections 
within the brain can reorganise due to 
changes in behaviour and environment. 

Dorothy Bishop, Professor of 
Developmental Neuropsychology at 
the University of Oxford, said: “The 
way the results are shown graphically 
makes them look dramatic, but the 
effects are likely to be very small - I 
suspect differences within each gender 
are considerably larger than differences 
between genders. In addition, we know 
very little about the people who were 
in the study.” 


Connections in the male brain are more 
front to back, but more left to 
right in female brains 
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FEMALE BRAIN 


|) WHAT DO YOU THINK? 


Let us know your opinions at 

twitter.com/sciencefocus and our 

forum at sciencefocus.com/forum 
We asked: are the brains of men and 
women fundamentally different? 


@sb26 | would say that it 
depends on the level you look at. 


@kpck Yes, men have two 
brains, but only enough blood to 
run one at a time. ;) 


@HrvojeBrzica Of course 
they are. The only question is: 
how deep and at what level do 
differences go? 


@peterslade Yep. Men's brains 
are blue and women’s are pink. 


PHOTO: RAGINI VERMA/PNAS, SOUTHWEST RESEARCH INSTITUTE/SCIENCE 


Healthy father, healthy son 


© If you were a healthy baby, 
you might want to thank your 
dad. Researchers in Canada 
have discovered that the 
amount of vitamin B9 (folic 
acid) in the father’s diet 
before conception may play 
an important role in the baby’s 
health. Studies with mice 
showed that the offspring 

of fathers with insufficient 
levels of folic acid suffered 
from an almost 30 per cent 
increase in birth defects. 


Is genius genetic? 


© Flunked at school? Then 
your genes may be partly to 
blame. A study of more than 
11,000 16-year-old twins 

has found that genetic effects 
can explain almost 60 per 
cent of the variation in GCSE 
results in core subjects such as 
English and maths. However, 
that still leaves a large 
percentage for environmental 
factors such as a pupil’s 
school, neighbourhood 

and upbringing. 


Water world 


© Jupiter’s icy moon Europa 
may be spouting water into 
space, raising hopes that its 
buried ocean can be reached 
from the surface. The Hubble 
Space Telescope spotted blobs 
of hydrogen and oxygen in the 
moon’s southern hemisphere, 
consistent with two plumes 
of water vapour roughly 
200km (124 miles) high. It’s 
good news for those who are 
hoping to explore Europa’s 
ocean for signs of alien life. 


An artist's impression of the fountains 
of water blasting off Europa’s surface 
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EVERYDAY SCIENCE 


HELEN CZERSKI 


The simple act of breathing on a cold day reveals the turbulent world we live in 


OLD, CLEAR DAYS are wonderful 

at this time of year - | love it when 

the outside feels fresh and clean 

but | can also feel my nose and 

cheeks burning from the chill. If it’s 
cold enough, | also get to see something that 
is completely invisible for the rest of the year 
even though it’s always there. The reward for 
being outside on these days is being able to 
see your own breath, and to look at what it 
gets up to after it leaves your body. 

When you're doing this, you're making a mini 
cloud. Air picks up water vapour while it’s in 
our warm lungs, and when we breathe out all 
that water is carried out with the air. But when 
it hits the cold air, the water cools down and 
condenses into tiny droplets of liquid water. 
You can see those droplets, and since they're 
carried by the air you've just breathed out, you 
can see where that air is going. This little cloud 
is marking the air from your lungs, at least for a 
second or so until the water evaporates again. 
It's most dramatic in the dark, with a torch to 
light the cloud. 

The reason | like this game is that air is 
moving around us all the time, but we can only 
tell if part of it pushes on our skin hard enough 
for us to feel it. Being able to see it too is a bit 
like having a temporary superpower, except 
that I'm not sure this one will help you defeat 
any enemies. When | breathe out, | can see 


what happens as one batch of air is pushed into or od ae gy OT Seen in the cold air, your 
; r breath reveals the blanket 
another one. At the edges, there are chaotic as ye “0 of gases we live in 


swirls coming and going. This is turbulence, 
and it's mixing the two 


. 46 it it . : . . 
Lah ae aaa — ‘Air is almost never _ # ee swirls, but this enormous atmospheric dance is 
way of mixing things than com letel still Standing outside on a cold day, you can play with these air 
| 


just letting them slowly flows. If you blow a stream of air over your sleeve, you see how 
merge - that’s why you and we spend our air deals with obstacles. If you purse your lips as if you were blowing 


stir your tea after putting lives surrounded by out a candle, you can see how this works to snuff out the candle - it 
sends a thin, fast flow of air outwards. And all the time, the turbulent 


milk in, rather than just ey . 

letting it mix itself. shifting and dynamic swirls are there, constantly mixing the molecules around us. Every 
Outside on a cold day, H 9 time we breathe out, all year round, the air from our lungs is swirled 

I'm happy to stand and air molecules into the Earth’s atmosphere right in front of our noses. 

watch the air I've just After a while, when my nose is cold, I'll go back inside. The good 

breathed out. | can see the tiny swirls mixing the carbon dioxide I've thing about being inside on a cold day is that there is an even better 

exhaled with that from the other living things around me. And then | way to watch turbulence. And 

imagine all the swirls that | can’t see directly, the ones made when _——— yl that's by mixing milk into hot 


fe air se of the way as | a the tie that lly . | ai DR HELEN CZERSKIis a physicist, ete Once you seeing 
oors, and the giant ones made as wind blows over hills. Air is almost oceanographer and BBC science turbulence, it’s everywhere. 
never completely still, and we spend our lives surrounded by shifting presenter who appears regularly And another excuse for hot 
and dynamic air molecules. Our atmosphere is being continually mixed on Dara O Briain’s Science Club chocolate is always welcome! ™ 
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Understanding the Greatest 
Images of the Universe 


Professor David Meyer 
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Experience the Wonders 
of the Hubble Telescope 


For more than 20 years, the Hubble Space Telescope has been 
amassing discoveries that rival those of history’s greatest scientists and 
explorers, making it the most important—and most productive— 
scientific instrument ever built. 


Experiencing Hubble: Understanding the Greatest Images of the 
Universe is an unforgettable visual feast of carefully chosen images 
taken by this fascinating telescope. Noted astronomer and award- 
winning professor David M. Meyer’s 12 spectacularly illustrated 
lectures take you on a dazzling voyage of discovery that will delight 


your eyes, feed your imagination, and unlock new secrets of the cosmos. 


Offer expires 09/03/14 
0800 298 9796 


WWW.THEGREATCOURSES.CO.UK/6FS 


LECTURE TITLES 

The Rationale for a Space Telescope 
Comet Shoemaker-Levy 9 and Jupiter 

The Sagittarius Star Cloud 

The Star Factory inside the Eagle Nebula 
The Cat’s Eye Nebula—A Stellar Demise 
The Crab Nebula—A Supernova’s Aftermath 
The Sombrero Galaxy—An Island Universe 


Hubble’s View of Galaxies Near and Far 


oO MN AARWN S 


The Antennae Galaxies—A Cosmic Collision 
10. Abell 2218—A Massive Gravitational Lens 
11. The Hubble Ultra Deep Field 

12. Hubble’s Legacy and Beyond 


Experiencing Hubble: Understanding the 
Greatest Images of the Universe 
Course no. 1884 | 12 lectures (30 minutes/lecture) 


SAVE £18 


DVD £29-99 
+£2.99 Postage and Packing 
Priority Code: 92562 


Designed to meet the demand for lifelong 
learning, The Great Courses is a highly 
popular series of audio and video lectures 
led by top professors and experts. Each of 
our nearly 500 courses is an intellectually 
engaging experience that will change how 
you think about the world. Since 1990, 
over 14 million courses have been sold. 


The Great Courses®, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.thegreatcourses.co.uk for details. 
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INTO THE FUTURE 


STEPHEN BAXTER 


Robots are increasingly doing jobs a human once did, but is it a path to utopia? 


ENRY FORD FIRST started selling his 
famous black-only Model T Fords to the 
American public 100 years ago. Actually the 
cars had been in production since 1908, 
and it had been in 1909 that Ford told his 
management team ‘Any customer can have a car 
painted any colour that he wants so long as it is black’ 
- but it was in 1914 that the black-only policy was 
finally implemented. And by 1918, half of all the cars in 
the US were Ford's black Model Ts. Ford's success 
derived from his innovations, most notably assembly 
line production to replace individual hand-crafting of 
the vehicles. All the Model Ts were exactly the same 
as each other, as symbolised by the ‘black-only’ 
policy, which created cheapness and reliability. 

This represented a huge transformation in the 
nature of work. New technologies had always 
destroyed old jobs, but created new ones. Craftsmen 
in the old horse-based economy could transfer their 
skills to the new industries - they could build the 
chassis of a car, rather than the chassis of a horse- 
drawn trap. But Ford's assembly lines were different, 
with the manufacture of a vehicle broken down into 
a series of simpler tasks, each performed by a single 
less skilled worker, over and over again. 

At least, however, assembly-line jobs were still 
jobs. What of the future? Today we are going through 
another vast transformation of the workplace. 
What's striking for economists (as reported for 
instance in The Observer of 19 May 2013) is that in 
the US, for example, in the wake of the 2008 banking 
crisis, the economy has never generated fewer 
new jobs in any recovery since records began. The 
reason is technological 


advance. Robots are making 4@ H 4 

assembly—ine workers We will see the final 

unnecessary. High-tech reversal of the trend 
pioneered by Henry 


corporations like Google 
Ford, of reducing 


and Facebook are becoming 
massive economic entities, 
human craftsmen to 
2 
the role of robots 


but as much of what they 
create and distribute is pure 
data, they are not mass 
employers the way the old 
manufacturing industries were. 

This trend is surely going to accelerate. The military use of drone 
aircraft is demonstrating the growing capability of robots to do jobs once 
monopolised by humans. We can imagine robots replacing people in such 
services as waste disposal and parking lots; in shops automated tellers are 
already replacing human assistants. Thanks to driverless cars, as being 
developed by Google and others, jobs for drivers of all sorts will vanish. 

We should not be too parochial about this. Workers in some poorer 
nations, still labouring in primitive conditions, would not be impressed by 


At least it won't be worried 
about aggressive dogs 


our complaints about competition with robots and too much leisure time. 
But given sufficient economic growth we may be seeing a challenge for 

all of us. Are we heading for a future in which the only meaningful jobs for 
humans will be at high intellectual levels - the designers of the software that 
will control the new legions of robots? 

Perhaps, but there are more positive visions. The elimination of drudgery 
and danger, from housework to mining, must be a benefit. There will surely 
always be a role for people in fields like medical care and the raising of the 
very young. And perhaps we should celebrate the return of leisure. People 
could work at more personal and rewarding jobs: running micro-breweries, 
for example. Maybe we will see the final reversal of the trend pioneered by 
Henry Ford, of reducing human craftsmen to the role of robots. 

The human race has only been working at its present levels of intensity 
since the invention of farming some 
ten thousand years ago. Perhaps, 
with the help of robots, we will 
be able to rediscover the rich 
cultural life enjoyed by our less 
pressured ancestors. ll 
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STEPHEN BAXTER is a science 
fiction writer and author of the 
Northland series. His latest novel 
is Proxima published by Gollancz 
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Infinity A10 Pro Elite PC 
“This PC's base specification is a bargain 
andit's all the better when you adda 
graphics card..” 

Kat Orphanides, Expert Reviews 


Fusion 650 Gaming PC 

Game at the next level with the Fusion 650 
PC. With AMD FX technology and AMD 7 
Series Graphics, the Fusion 650 will breeze 
through any game. 


AMD A10-6800K Quad 
Core APU 

+ Windows8.1 

+ 8GB Kingston Hyper-X 
1600MHz RAM 

+ 1TBSATAIIl6Gb/s HDD 

= AMD Radeon HD 8670D 

+ PCS Defensor Gaming Case 

3 Year Silver Warranty 


AMD FX 6350 CPU 

Windows 8.1 

8GB Samsung DDR3 
1333MHz RAM 

1TB SATA Ill Hard Drive 

1GB AMD Radeon R7 250 
10x BluRay ROM Drive 

PCS Maelstrom Gaming Case 
3 Year Silver Warranty 
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SkyFire Ill X14 Laptop - NEW! 
“This is easily the most pleaseing gaming 
laptop I've reviewed in years, ticking all the 
boxes... 

Dave James, PC Format 


Optimus V Laptop - NEW! 
“Performance is mostly smooth and 

versatile and you'll have to go way above 
the £1,000 point to find all these features” 
Robin Morris, PC Advisor 


+ 14"LED Display (1600 x 900) 

+ 4th Gen Intel® Core™ 
i7-4700MQ Processor 

- Windows 8.1 

- 8GBSamsung DDR3 
1333MHz RAM 

- SOOGB Seagate SSHD 

- 2GB nVidia GeForce GTX 760M 

3 Year Silver Warranty 


17.3” LED Display (1920 x 1080) 

+ 4thGen Intel® Core™ 
i7-47000M Processor 

+ Windows 8.1 

+ 8GB Kingston Hyper-X 
1600MHz RAM 

+ 120GB Kingston 3K SSD 

+ 2GBnVidia GeForce GTX 765M 

3 Year Silver Warranty 


PC Specialist recommends Windows 8.1 
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Vanquish GT1 Gaming PC 
“a great balance of performance and 
features at a sensible price...” 

Paul Monckton, PC Advisor 


4th Gen Intel® Core™ 

i5-4670K Processor 

+ Windows8.1 

+ 8GB Kingston Hyper-X 
2400MHz RAM 

+ 120GB Kingston SSD 

+ 1TB SATA III Hard Drive 

+ 2GBNVIDIA GTX 770 Graphics 

3 Year Silver Warranty 


Vortex IV X780 Laptop 


“For jaw-dropping performance at a cost 
that makes your bank manager, a worth 
winner of our OC3D Performance Award..”” 
Bryan Waters, OC3D.net 


17.3” LED Display (1920 x 1080) 
+ 4th Gen Intel® Core™ 
i7-4700QM Processor 
+ Windows8.1 
+ 8GB Kingston Hyper-X 
1600MHz RAM 
+ 120GB Kingston SSD 
+ AGB nVidia GeForce GTX 780M 
3 Year Silver Warranty 


Unleash the gamer 
within you... 


| ~~ AWARDWINNING 
or CUSTOM PCs & 
= li LAPTOPS FROM THE 
Via ease UK's LEADING 
=a: MANUFACTURER! 


Vanquish R4 Gaming PC 

“PC Specialist clearly knows how to builda 
high performance rig -The Vanquish R4's 
tidy build quality is testament to that.” 
Parm Mann, HEXUS.net 


Vanquish 912 Gaming PC 
“A good system, and you can't get much 
hotter - or should we now say cooler?” 

Robin Morris, PC Advisor 


Vanquish Enforcer PC 
“A.well built, well rounded gaming system 


with plenty of power on tap for 2560 x 
1600 gaming, rendering & video editing...” 
Zardon, KitGuru.net 


4th Gen Intel® Core™ 
i5-4670K Processor 
Windows 8.1 

16GB Kingston Hyper-X 
1600MHz RAM 


4th Gen Intel® Core™ 

i5-4670K Processor 

- Windows 8.1 

+ 16GB Kingston Hyper-X 
1600MHz RAM 

+ 120GB Kingston SSD 

+ 2GBnVidia GeForce GTX 770 

+ CoolerMaster HAF 912 Case 

3 Year Silver Warranty 


Ath Gen Intel® Core™ 
iS-4670K Processor 
Windows 8.1 

16GB Kingston Hyper-X 
2400MHz RAM 

240GB Kingston SSD 

3GB nVidia GeForce GTX 780 
CM Storm Enforcer Case 

3 Year Silver Warranty 


120GB Kingston SSD 

3GB AMD Radeon HD 7950 

Fractal R4 Silent Performance Case 
3 Year Silver Warranty 


Vanquish Prodigy Mini PC 


3rd Gen Intel® Core i5-3570K 


: + Windows 8.1 
66¢...an overclocked Core i5 processor, 8GB of «SCE Kinaeton ByeeXRAM 
memory, a solid-state system drive anda - 120GB Kingston HyperX SSD 
GeForce GTX 660Ti provide a near-perfect | - 1TBSerial ATA III Hard Drive 
rati for hi % li full-HD + 2GB nVidia GeForce GTX660Ti 
COnigu on 2 gh gue ty, u + Corsair TX650 Power Supply 
gaming. - Corsair Hydro H40 Cooler 


BitFenix Prodigy Case (Black) 
Parm Mann, HEXUS.net + 3Year Silver Warranty 


0844 499 4000 
www.pcspecialist.co.uk 
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DARK MATTER 


It makes up the vast majority of the matter in the 

Universe, but we have no idea what it is. Now, as 

Marcus Chown reveals, a hidden realm of dark 
matter could exist right under our noses 


HE AMERICAN ASTRONOMER Theoretical Physics at Massachusetts 


Carl Sagan once said the reason Institute of Technology near Boston. 

he preferred science to science Dark matter has been postulated to 

fiction was that science is explain several baffling astronomical 

stranger. Well, try this observations. One is that stars in the 

scientific claim on for size: outer regions of spiral galaxies like our 

there is a second galaxy own are orbiting too fast. Like children 
occupying pretty much the same space on a speeded-up roundabout, they ; 
as our Milky Way. Unnoticed because it should be flung off into interstellar 
is invisible to our telescopes, it may space. They are not, astronomers 
even possess invisible stars, invisible reason, thanks to the gravitational 
planets and invisible life. grip of a huge amount of matter 

The idea of a shadow Milky Way which gives out no detectable light. 
may sound crazy, but it is a serious A second observation which 
suggestion from physicists in the US dark matter is used to explain is 
trying to make sense of our Universe’s the fact that you are reading these 
invisible, or ‘dark’, matter. “We think words. Observations of the cosmic 
it’s worth exploring because it might background radiation, the ‘afterglow’ 
explain some puzzling observations of the Big Bang fireball, show that 
and it is testable,” says Matthew matter in the beginning was 
McCullough, from the Center for spread very evenly throughout >) 
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space. There were, however, 

places where it was slightly 
denser than average. These regions, 
having stronger gravity than their 
surroundings, dragged in matter 
faster and became ever denser. But 
this process is too slow to build a 
galaxy as big as the Milky Way in the 
13.8-billion-year age of the Universe. 
To explain our existence it is necessary 
to postulate a large amount of dark 
matter whose extra gravity greatly 
speeded up galaxy formation. 


DARK MATTER THEORIES 


Dark matter accounts for 26.8 per 
cent of the mass-energy of the 
Universe. It outweighs the normal 
stuff - the 4.9 per cent atomic matter 
that makes up you, me and everything 
else — five times over. The question is: 
what is it? There have been scores of 
suggestions, from fridge-sized black 
holes left over from the Big Bang to 
relics from the future whose ‘arrow 
of time’ runs backwards. But the 
most popular idea is that dark matter 
is made of a hitherto undiscovered 
subatomic particle. 
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There are many candidates - for 
example axions, which might fix a 
problem with nature’s ‘strong’ force, 
and weakly interacting massive 
particles. WIMPs are predicted by 
theories such as supersymmetry 
(SUSY), which attempts to show 
that one set of nature’s fundamental 
particles — fermions - are simply the 
flip-side of its other set, bosons. The 
particles come in the guise of a whole 
set of ‘superpartners’ of the known 
subatomic particles. The lightest stable 
superpartner, the neutralino, is a 
popular candidate for the dark matter. 


“The everyday 
world is complex. 
What if the dark 
matter is like that 
as well?” 


Matthew McCullough, Center for Theoretical 
Physics, Massachusetts Institute of Technology 


But there is a problem. No neutralino 
or any other dark matter particle has 
yet been conjured up by the super- 
high-energy collisions at the Large 
Hadron Collider near Geneva. “It’s 
possible one will turn up when the 
accelerator is restarted at an even 
higher collision energy in 2015,” says 
McCullough. “But what if it does not?” 

This has got some physicists 
wondering whether our model of dark 
matter needs to be tweaked. “The 
everyday world is complex — built 
not out of a single Lego brick particle 
but a whole multitude of them,” says 
McCullough. “What if the dark matter 
is like that as well?” 

McCullough has been working with 
Lisa Randall of Harvard University, 
author of Warped Passages and the 
first tenured female theoretical 
physicist at both Harvard and MIT. 
She and her colleagues have proposed 
a new form of matter that would 
interact with itself while shunning 
normal matter. Consequently, we 
would not know that it is there. 

Most importantly, such self- 
interacting dark stuff would behave 
very differently from conventional 
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dark matter. Our Milky Way is believed 
to have formed from a giant spherical, 
rotating cloud of dark matter 
intermingled with a little normal 
matter. The normal stuff began to 
shrink under gravity. This happened 
faster between the poles than around 
the equator, where the outward 
‘centrifugal force’ opposed gravity. 
The end result was a thin, flattened 
disc which then fragmented into stars. 
This was only possible because the 
normal matter was able to shed its 


The cosmic 

microwave background 

reveals the uneven distribution 
of matter in the early Universe 


heat — heat that was pushing outwards 
and preventing gravity shrinking the 
cloud - by emitting that heat energy 
as electromagnetic waves, or light. 
Crucially, however, the dark matter 
could not give out light. Unable to 
lose energy and shrink into a disc, it 
remained in a spherical cloud. This 
has led to a picture of our Galaxy as a 
flattened spiral disc of stars embedded 
in a spherical cloud of dark matter. 
But Randall and her colleagues say 
the kind of dark matter they envisage 
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ceatiptcostbalovs a dark 
Matter disc may occupy the 
same space as the Milky Way 


might interact with itself via a force 
analogous to our electromagnetic 
force. So it might be able to lose energy 
by giving out dark electromagnetic 
waves, or ‘dark light’. “The dark matter 
could then collapse into a thin disc just 
like normal matter,” she says. “We call 
it double disc dark matter.” 

Randall is not talking about all the 
dark matter. A spherical cloud clearly 
explains the speed of the stars orbiting 
in our Galaxy, so the lion’s share of 
the dark matter must still be in this 
form. But some of the dark matter - 
comparable in mass perhaps to the 
visible disc of stars - could be ina 
flattened disc. 

The idea of a double disc might 
explain some observational anomalies. 
For instance, NASA’s Fermi Gamma- 
Ray Space Telescope has detected 
gamma rays of energy 130 
gigaelectronvolts (GeV) coming from 
the centre of our Galaxy. This could be 
explained if there exists a dark matter 
particle of mass 130 GeV - about 130 
times the mass of the proton. The 
gamma rays might then come from the 
annihilation of such dark matter 
particles and their antiparticles. 

The picture of dark matter >] 
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called 
WIMPS 


There 
is a vast amount 
of ‘dark’ matter, whose 

extra gravity explains the 

anomalous orbital motion 
of stars in spiral galaxies and 

galaxies in galaxy clusters. 
This dark matter outweighs 


There are ; 
invisible the normal matter in the 
Particles Universe by a factor of 


about 5.5. So what 
exactly is it? 


N 


4 ~ START HERE 


y The gravitational 
pull of the visible matter in 
the Universe fails to explain the 
motion of stars observed in galaxies 
and galaxies in galaxy clusters. For 
instance, the stars in the outer regions . “ Dark 
of spiral galaxies like our own Milky ae matter is made of 
Way are orbiting so fast they ought fridge-sized black holes, 
to fly off into interstellar space. -_ each the mass of Jupiter. 
The question is, why These would have been created 
don’t they? is in the first millionth of a second 
of the Big Bang and survived. The 
nearest would be 30 light-years from 
the Earth, almost 10 times farther 
away than the nearest star, Alpha 
Centauri. So they would pose 
no danger to the Earth! 


Gravity 
is wrong 


Some think 
our theory of gravity 
is wrong. It’s far stronger 
e than Newton would have 
predicted in the outer regions 
of spiral galaxies, which is 
preventing the stars there 
from flying off into 
interstellar space. 
So what’s the 
. oe answer? 
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Weakly 
Interacting Massive 


Particles (WIMPS) 
are particles predicted by 
supersymmetry and by theories 
that claim there are more than three 
dimensions of space. In the latter 
case, ‘echoes’ in the extra dimensions 
manifest as so-called ‘Kaluza-Klein’ 
particles, which are super-heavy 
versions of standard subatomic 
particles. How could we 
detect them? 
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P How could 
.' Wwe detect 
axions? 


The way to detect a 
passing axion is by placing 
a ‘microwave cavity’ — a closed 
metal structure used to amplify 
certain frequencies of microwave 
— ina magnetic field. An axion is 
expected to interact with such 
a magnetic field to create 
microwaves, which can then 
be easily detected within 
the cavity. 


DARK MATTER 


Direct 
detectors use a large 
mass of a single element 
such icon or xenon. The 
idea is that, if a dark matter 
particle slams into an atomic 
nucleus, the n 1s will recoil 
violently ectors tend not 
to observe the recoil itself, but 
rather a secondary effect such 
the emission of light by 
the material. 


Collider 
detectors, such as 
the Large Hadron Collider 
in Geneva, use the energy of 
colliding particles to create new 
particles. Obviously, the energy of 
the incoming particles must equal 
that of the outgoing particles. If it 
does not, this missing mass would 
be the tell-tale sign that a dark 
matter particle had also 
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spread thinly in a spherical ‘halo’ 

doesn’t yield a high enough 
density of such particles to explain 
such a gamma-ray feature. But “with a 
double disc, the new component of dark 
matter could be denser and so find 
other particles to annihilate with more 
often,” says Randall. 


DETECTING DARK MATTER 


Currently, many experiments are 
attempting to detect dark matter 
particles flying through the Earth. 
Since dark matter does not interact 
with normal matter, they use a range 
of atomic nuclei — from silicon to 
xenon, fluorine to iodine - and hope to 
‘see’ a nucleus recoil when suddenly 
struck by a dark matter particle. 

Most experiments have seen nothing, 
even though the Sun is orbiting the 
centre of the Galaxy at 220km/s relative 
to the dark matter halo. “If some of 
the dark matter is in a second disc 
which is turning with the visible galaxy, 
this is what we would expect,” says 
McCullough. “The relative motion 
between the dark and normal discs 
will be zero, so dark matter will hit the 
detectors too softly to be noticed.” 

However, there is one result that 
could remove the need for a double 


The Fermi telescope’s gamma-ray view of the 
Milky Way (gamma-ray emissions are shown in 
bright red). It has detected radiation that the 
traditional view of a dark matter halo can’t explain 
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“We are taking 
one step further 

to see if dark 
matter might have 
a richer structure” 


Professor Lisa Randall, Department of Physics, 
Harvard University 


disc scenario. While the LUX — Large 
Underground Xenon - experiment in 
an old gold mine in South Dakota has 
seen nothing, the CDMS - Cryogenic 
Dark Matter Search - experiment in 
the Soudan mine in Minnesota has 
seen three events, all close in energy 
between 8 and 12 kiloelectronvolts 
How can this be? McCullough and 
Randall claim the circle can be squared 
with another twist to the story. 
Imagine a dark matter particle lodged 
in a high-energy state. When it collides 
with a silicon nucleus in CDMS, it 
loses energy, causing the nucleus to 
recoil. However, the 
energy liberated in 
such collisions is 
simply not enough to 
generate a signal in 
the LUX experiment. 


The Cryogenic Dark Matter Search in Minnesota 


Critics might say that dark matter 
does not explain what we see, and that 
Randall and her colleagues are simply 
adding bells and whistles. They might 
say it is reminiscent of the Greeks, 
who on discovering their theory that 
planets orbit in circles did not fit the 
data, added circles within circles, or 
‘epicycles’, until it did. 

“I think it’s even worse than adding 
epicycles,’ says Mordehai Milgrom of 
the Weizmann Institute in Rehovot, 
Israel. “It’s adding epicycles just 
for the heck of it.” Milgrom is the 
originator of the idea of Modified 
Newtonian Dynamics, or MOND, 
which contends that the anomalous 
orbital motion of stars in spiral galaxies 
is explained not by the gravity of a vast 
amount of invisible dark matter, but by 
the fact that gravity is stronger than 
Newton would have predicted. 

Randall shrugs off such criticism. 
“We are taking one step further to 
see whether dark matter might have 
aricher structure, just like ordinary 
matter does,” she says. “We are making 
a reasonable assumption that some of 
it interacts.” 

McCullough concedes that the double 
disc dark matter idea does not satisfy 
the old addage of Occam’s razor, which 
says that if there are two competing 
theories, the simplest is usually true. 
“But what if dark matter truly is 
complex?” he says. “We have no choice 
but to take what nature gives us.” 

So how could we find evidence 
of our Milky Way’s second disc? 


The LUX detector, located in a former 
gold mine in South Dakota, has so far 
failed to find any evidence of the dark 
matter particles it is looking for 


“Tt will influence the gravitational 
field experienced by stars in the 
solar neighbourhood,” says Randall. 
“Precision observations of their motion 
might therefore reveal the disc.” 

The second disc might not have 
the same thickness or extent as 
ours. “But even if they didn’t start 
out aligned,” says Randall, “the 
gravitational tug between the dark 
disc and the normal disc would long 
ago have aligned them.” 

The existence of a dark 
electromagnetic force would enable 
a subcomponent of dark matter to 
settle into a shadow disc. That disc 
might then fragment into star-sized 
clumps thanks to dark equivalents of 
the known forces. “Whether dark stars 
might ignite in these clumps would 
depend on the existence of dark strong 
and weak nuclear forces to ignite 
nuclear reactions,” says Randall. 


DWELLERS IN THE DARK? 


It’s fun to speculate that a shadow 
universe of dark matter might not be 
merely as complex as the Universe 
we can see, but more complex. 
Maybe there are six fundamental 
forces rather than four. Could that 
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explain why we’ve seen no sign of 
extraterrestrials despite searching for 
signals for over half a century? Could 
it be that the dark matter Universe 

is simply far more interesting? Is it 
possible that if you’re an advanced 
extraterrestrial civilisation, the 
shadow Universe is where you have to 


be because that is where all the action 
is? “Now that really is in the realms of 
science fiction!” laughs McCullough. @ 


MARCUS CHOWN is a former radio 
astronomer, and author of several books 
including We Need To Talk About Kelvin 
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Rock samples are collected in Utah 
before being taken back to the Mars 
Desert Research Station in Utah; how 
long before a similar scene is played 
. eh out on Mars itself? 


PWARDS OF 200,000 people 
from 140-odd countries have 
applied for one-way tickets 
to the Red Planet from Holland’s 
Mars One television project. 
Producers are now starting a 
two-year selection process, 
seeking participants suitable for both 
colonising Mars and becoming reality TV 
stars. In December, Mars One announced 
it would send an unmanned rover and 
communications satellite to the Red Planet, 
to arrive in 2018. It hopes to follow this 
with manned missions from 2024, with 


four-strong crews setting off every two years. 


But do Mars One’s applicants have any 
idea what they’re letting themselves in for? 
They’d be spending their lives on a cold, 
radiation-blasted and dust-shrouded world, 
225 million kilometres from home on 
average. Any unprotected exposure to the 


PLANETARY EXPLORATION 


outdoors would make their blood boil, 
while the merest contact with bleach-like 
surface dust might risk chemical burns. 

Thankfully, by the time they launch, 
they may know what to expect. This year 
is shaping up to be the busiest yet for dress 
rehearsals on Earth. For the whole year, a 
succession of crews are living in a habitat 
in the Utah desert — a desolate environment 
resembling Mars. And from August 2014, a 
crew of six will simulate a Mars mission 
for 12 months in the Arctic chill of 
northern Canada. 

It’s the scientific pull of the Red Planet 
that’s attracting researchers to the bleakest 
corners of our world. They live as if they 
are on Mars: toiling within confined 
modules, their power, food and water 
rationed. Just to step outside means 
donning a realistic spacesuit and 

3 i ; > 
passing through a simulated airlock. 
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Even radioing the outside world 
involves a 20-minute time delay. 
“The analogue suit makes you feel 
isolated,” recalls Ashley Dale, an 
aerospace PhD student at the University 
of Bristol, who in 2011 spent two weeks at 
the Mars Desert Research Station 
(MDRS) in western Utah. “The gloves are 
bulky and there’s an air circulation system 
- you can’t hear a thing except through 
the radio. The high altitude puts strain on 
your cardiovascular system, and the suit 
weighs more than 10kg. The helmet limits 
your view too — you don’t normally realise 
how seeing your feet helps you walk.” 
During one ‘Extra Vehicular Activity’ 

Ashley and his crewmates heard blood- 
curdling screams from back in the ‘Hab’. 
They sped back, still observing the 
standard re-pressurisation protocol: “We 
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didn’t know if it was some kind of test.” 
It wasn’t — a mouse had snuck inside, 
surprising the occupants. 

January sees Ashley returning to the 
Utah station for another fortnight, leading 
its first UK crew. Plans include trying out 
anew suit with inbuilt air supplies, 
testing how ‘extremophile’ bacteria take 
to the Utah desert and operating the 
Canadian Space Agency’s Artemis Jr. 
rover, a prototype lunar explorer: “You 
need to take systems like this out of the 
lab to really put them to the test,” Ashley 
adds. “The same is true of people.” 

The University of Bristol is also 
working on some specially designed 
gloves that will feed information from the 
outside surface through to the user’s 
fingertips using ultrasonic pulses. The 
hope is that the gloves will allow 


“The helmet limits 
your view - you don’t 
normally realise 
how seeing your 
feet helps you walk” 


Ashley Dale, aerospace PhD student at the 
University of Bristol 


astronauts to be more aware of the 
environment as well as helping them with 
manual tasks when gripping tools. 
Human confinement studies, 
mimicking the isolation of long-term 
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Hawaii HI-SEAS project 
proposed spam-fried rice for 
its crew. But tinned meat 
takes up too much space so 
Tofu offers a lighter, easier to 
store, protein-rich alternative. 
Martian explorers may have to 
be veggie. 


space missions, started in the 1960s. 
The major ‘Biosphere 2’ experiment 
began in 1991 in the Arizona desert, 
with eight ‘bionauts’ sealed away for 
two years, growing their own food and 
generating their own oxygen. Veteran 
bionauts are now advising Mars One on 
life support technologies. 

Over the years, the scientific focus has 
shifted to sustained confinement’s physical 
and mental consequences. This could be 
seen with 2010’s Mars 500 experiment, 
when a six-person crew simulated a 
complete 520-day Mars mission inside a 
mock spacecraft at a Moscow car park. 

Interest in ‘planetary analogues’ - 
locations on Earth with similarities to 
aspects of other worlds - arose more 
recently. “Analogues have become more 
sought after as planetary science becomes 


already a precedent. 


more interdisciplinary,” says Anita 
Heyward of Europlanet, a European 
network of planetary scientists that 
supports field trips to analogue sites from 
Tunisia to Siberia. “It’s not just geology 
these days, but areas like astrobiology — 
studying life in extreme environments.” 


ALIEN WORLDS ON EARTH 


It was the Mars Society - advocating 
manned missions to the Red Planet - 

that began combining confinement and 
analogue studies. “The society took 
advantage of the fact that NASA already 
had a research presence on Devon Island 
in the Canadian Arctic. In 2000 the society 
received permission to site the Flashline 
Mars Arctic Research Station (FMARS) 
there,” explains Vladimir Pletser of the 


GROW YOUR OWN 


Astronauts cultivating their 
own food would not only 
reduce the monotony but 
provide an oxygen bonus too. 
In fact, soybeans are already 
cultivated on the International 
Space Station so there’s 


=> HOWTO FEED A MISSION 10 MARS 


PACK VEGGIE 


Cornell University is working 
on 3D-printed food. Layers of 
edible gels build the desired 
dish and can be given various 
textures, tastes and nutrients 
by the printer. Cheese 
(pictured) and chocolate are 
among the successes so far. 


European Space Agency, veteran of both 
FMARS and MDRS. Nearly twice the size 
of Belgium, uninhabited Devon Island is 
the site of the 23km (14-mile) diameter 
Haughton Crater, formed about 39 million 
years ago but largely intact, offering 
intriguing geology. 

The MDRS next took shape in Utah. “I 
was attracted by the advert, offering: ‘Hard 
work, no pay, eternal glory!” recalls 
Vladimir, who oversees ESA zero-G flights 
as his day job. “It takes multiple flights to 
reach FMARS, but MDRS is just a drive 
from the airport. It can also be a lot 
warmer, depending on the season.” And up 
at Devon Island, an ‘off-sim’ colleague with 
arifle always has to protect EVA groups 
against polar bears. 

This year saw a new Mars base >] 
arise, the Hawaii Space Exploration 


FEBRUARY 2014 / FOCUS / 47 


PHOTO: OEWF/KATJA ZANELLA-KUX X2 


PLANETARY EXPLORATION 


Analog and Simulation (HI-SEAS), 

on the volcanic slopes of Mauna Loa. 
During an initial four-month stay, the eight 
occupants of HI-SEAS undertook various 
experiments. These included charting 
links between food freshness and 
preparation with crew well-being, as well 
as modelling anti-microbial clothes - one 
participant wore a single unwashed T-shirt 
for the duration. 

“Does it help the experiments generally 
for us to be located here?” asks Kim 
Binsted, overseeing HI-SEAS experiments. 
“Well, the participants benefit from having 
genuinely meaningful work. HI-SEAS is 


“You need to take 
systems out of the 
lab to put them to 
the test. The same 
is true with people” 


Ashley Dale, aerospace PhD student at the 
University of Bristol 


near a lava field with unexplored lava 
tubes; there is the chance to do actual 
science each time they go out.” HI-SEAS 
has a novel geodesic dome design 
compared to the cylindrical Mars Society 
Habs, but its living space is comparable at 
about 90 square metres — equivalent to the 
average UK home. 

Days start early, at about 5 to 6am, with 
plenty to do, from scientific research to 
maintenance. That includes a typical two 
to three EVAs per day, with quad bikes 
in the Arctic and Utah for geological 
surveying further afield. “With the suits, 
there are all kinds of problems you can’t 
anticipate,” explains Vladimir. “I needed 
to fix computer equipment, but my gloves 
were so big I was tapping four keys at 
once. I didn’t get permission to take my 
glove off, so I taped a screw to my finger, 
letting me press what I wanted.” Evenings 
are for rest: crews typically make the 
effort to eat dinner together, often 
followed by a movie, usually sci-fi. 

Not that simulating Mars demands 
a habitat: last February, non-profit 
research group the Austrian Space 
Forum undertook a four-week field study 
near Erfoud, in Morocco’s northern 
Sahara. More than a tonne of equipment 
was shipped out to the desert, assisted by 
the Moroccan authorities who also 
provided security. “We’d previously been 
to European analogue sites,” 
remarks the Forum’s Alexander >) 
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Aouda.X is designed to 
give wearers a feel for 
Martian gravity 


The Austrian Space Forum's ‘Aouda.X’ is 
designed to let wearers feel what it would 
be like to take a stroll in Mars’s light gravity, 
powerful radiation and toxic atmosphere. 
Costing around £1 million, it's not a true 
spacesuit but instead is designed to 
simulate the same stresses and limitations 
astronauts would experience if they were to 
wear a suit while walking on Mars. 


A researcher conducts a field test of the 
Aouda.X spacesuit as part of a simulated 
Mars mission in the Moroccan desert 
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There's no on-board oxygen supply; 
ambient air is circulated with 

fans. Sensors check temperature, 
humidity and build-up of CO, to 
warn of overheating or stale air. 


Like current spacesuits, Aouda.X 
combines a ‘hard upper torso’ with 
pressurised hinged limbs, incorporating 
fireproof and bulletproof layers, and 

an outer aluminum covering. It can be 
safely worn between temperatures of 
-110°C and +35°C. 


A 12-volt battery powers an 
on-board wireless connection 
enabling biomedical and 
engineering data to be 
transmitted, including glove 
accelerometers that check 
energy expended. There's also a 
heads-up display. 


Moving inside a spacesuit has been 
likened to folding a balloon. An adjustable 
exoskeleton submits the wearer to the 
equivalent forces of various pressure 
regimes for all joints, including fingers. 


With average temperatures on Mars 
at -63°C, heated boots will keep 
astronauts’ feet warm. The suit weighs 
45kg - much less than current 145kg 
spacesuits but their equivalent in one- 
third Martian gravity. 
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A Hungarian concept for a Martian lander 
that collects weather data is installed 

in the Moroccan desert by a researcher 
wearing the Aouda.X spacesuit 


>) Soucek, “but going somewhere 
without existing infrastructure 
really took us out of our comfort zone.” 
Camping by night, they evaluated 
various European space hardware, 
including a Hungarian lunar rover, a 
prototype planetary lander and weather 
station, and their own Aouda.X simulated 
Mars suit. Linked by satellite to the 
home base in Innsbruck, suit wearers 
performed geological retrieval amid other 
mock experiments inspired by the Apollo 
moonwalkers’ tasks. They also traversed 
a basic obstacle course before doing the 
same in T-shirts and jeans. “Things can 
take a lot longer inside the Aouda.X - 
we're precisely quantifying that delay for 
more accurate mission planning.” The suit 
performed well, although fine Saharan 
sand got everywhere, including backpack 
electronics. “Eventually it had to be taken 
apart for cleaning, though we were well 
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prepared for this,” says Soucek. They also 
tested an emergency shelter that might be 
used for just such repair work on Mars. 

For World Space Week last October the 
Forum’s timing tests went one step further, 
with synchronised testing of three 
different analogue Mars suits: their own, 
in Austria, the Mars Society suit at MDRS, 
and another from the University of North 
Dakota. This networked ‘World Space 
Walk’ was a first step towards setting a 
common standard for suit evaluation. 

Generally speaking, there are few 
takers among analogue astronauts for a 
Mars One-style one-way trip. There really 
is no place like home, Kim Binsted 
observes: “When the crew finally 
emerged without their suits it was 
emotional. They noted how ‘high- 
resolution’ everything looked, after 
months looking through visors.” That 
said, analogue stays are lengthening. 


Next year FMARS and HI-SEAS both 
plan year-long tours, paralleling the 
scheduled year-long crew stay on the 
International Space Station. And if Mars 
One does go forward, the concept of 
analogue tours should come into the 
mainstream. TV viewers will play their 
part in history as they choose the first 
humans to walk on Mars for real. @ 


aos Listen to A Trip Around Mars 
RADIO ‘, a fi 
@ with Kevin Fong, exploring 


the dramatic landscape of 
the Red Planet. http://bbc.in/X4RRLu 


92-Hervn 
ow 


Sean Blair is a space expert, science journalist 
and editor for the European Space Agency 


HOW 10 GET 10 MARS 


MARS AT ITS most distant is a thousand 
times further than the Moon, which is 
itself a thousand times further than the 
International Space Station. This is a 
major reason why more than half of all 
Mars probes have failed. A manned 
mission would need some redundancy, 
including twin spacecraft. A suitable 
‘launch window’ opens every two years 
and a chemical rocket trip might take 
seven to nine months. The main 
spacecraft would remain in orbit while 
landers dropped to the surface. 
Alternatively, ‘docking’ with Martian 
moon Phobos might be simpler than 


immediately landing on the surface. Either 
way, after three to four months, the 
return launch window would open, unless 
this is a long-term (or one-way) trip. 
Cruising between worlds spells danger 
from cosmic radiation. Food and water 
(plus waste) packed around the hull 
would double as radiation shielding. But 
the best way to cut exposure is to slash 
travel time. NASA hopes to do this with 
the VASIMIR plasma rocket - due for ISS 
testing in 2015. This could take a crew to 
Mars in 39 days, but to power the rocket 
for this length of time would require a 
yet-to-be developed fusion reactor. 


PLANETARY EXPLORATION 


Reaching the Red Planet is a long and perilous 
journey - at least with current rocket technology 
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BBC One’s two-part programme 
Dolphins: Spy In The Pod is 
available to watch on BBC iPlayer 
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DOLPHIN INTELLIGENCE 


Ever since Ancient Greece, these marine predators have been 


= 


held inhigh esteem-for their friendliness and intelligence. But 


are they as clever as we think? Justin Gregg investigates 


OMENTS AFTER 
John Lilly 
cracked open the 
dolphin’s skull, a 
bulging pink mass 
emerged. Instantly 
he knew he'd 
made an important discovery. 
This animal’s brain was huge: 
even bigger than.a human: 
brain. The year was 1955, and — 
after examining the freshly 


bottlenose dolphins, Lilly,a 
neuroanatomist, concluded 
that these fish- shaped aquatic 
mammals must possess an 
aaintelligence to rival our own. ~ 
SS When Lilly made his ° 
al » discovery, the link between — 
we Se and brain size 

_ seemed simple: the bigger the 
n, the smarter the animal. . 


Ne 


» harvested brains of halfadozen — 


Humans, with our enormous 
brains stuffed into our swollen 
craniums, were obviously the 
smartest species, so it followed 
that dolphins must also be 
pretty darned clever. But 
research has since shown that 
the dolphin’s claim to fame 

as the smartest non-human 
isn’t that clear-cut. Crows, 


~~ octopuses, even insects have 
~ all demonstrated feats of brain 
power to rival the dolphin, and 


they don’t possess nearly as 
much grey matter. 
So are dolphins really as 


“smart as we think? 


THE EQ TEST 


The Encephalization Quotient 


(EQ) is a measure of how large 
an animal’s brain is compared 


to what we’d expect to see 

for its body size. According 

to some calculations, humans 
have the largest EQ (7), with 
brains seven times larger than 
you’d expect for our bodies. 
Dolphins are in the number 
two spot, with species like the 
rough-toothed dolphin having 
an EQ of about 5. 

But when attempting to 
match EQ ratings to intelligent 
behaviour in animals, results 
are mixed. Large EQs correlate 
with the ability to cope 
with novel environments or 
the production of diverse 
behaviour, but not with tool 
use or imitative ability. To 
further muddy the picture, 
the calculation of EQ itself has 
come under criticism in 
recent years. Depending 
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DOLPHIN INTELLIGENCE 


In this experiment at Hawaii's Dolphin Institute, dolphins demonstrated an ability to remember 
which of two shapes they'd been shown previously, indicating their choice by hitting a paddle 
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® on the data that’s 
fed into the model, 
humans have normal-sized 
brains for our bodies, whereas 
gorillas and orangutans have 
abnormally large bodies for 
their standard-sized brains. 


INE | MAI BIN 
Simply having a big brain 
- or a large EQ - is by no 
means a guarantee that 
an animal will display 
intelligence. But it wasn’t just 
brain size that intrigued Lilly. 
Inside the dolphin skull he 
found an outer layer of brain 
tissues that, much like the 
human brain, was folded in 
on itself, like crumpled paper 
stuffed into a thimble. 

This outer layer of the 
mammalian brain, called the 
cortex, is involved in complex 
cognition in humans, including 
our language skills and self- 
awareness. As it turns out, the 
dolphin cortex is larger than 
the human cortex. So what 
might this mean? 

Many species that pass tests 
for self-awareness (like the 
mirror self-recognition test) 
have a relatively large cortical 
structure in the front of their 
heads. It’s this ‘frontal cortex’ 
that is likely responsible for 
the mirror self-recognition 
skills of chimpanzees, gorillas, 
and elephants. Dolphins 
pass this test too. But therein 
lies the rub: dolphins don’t 
have a frontal cortex. Their 
oversized cortex is squished 
into areas around the sides of 


their skull, leaving the front 
of their brain oddly concave. 
And since magpies, which can 
also recognise themselves in 
mirrors, don’t have a cortex at 
all, we’re still left scratching 
our heads as to which parts 
of dolphins’ and magpies’ 


brains are involved in self- 
recognition. Maybe, like 
magpies, dolphins rely on non- 
cortical structures to recognise 
themselves in mirrors. What 
exactly the dolphin cortex is 
doing and why it’s so large is 
an unsolved mystery. 


fe | S ‘eae 
This isn’t the only enigma 
surrounding dolphin 
intelligence. Over the years the 
debate about how dolphins’ 
brains relate to their behaviour 
has been so exasperating that 
marine mammal expert Lance 
Barrett-Lennard was forced 
to conclude that “a dolphin 
could have a brain the size of 


DOLPHIN BRAIN 


HUMAN BRAIN 


Larger than human brains, dolphin brains also have a larger cortex, although in dolphins 
the cortical ‘grey matter’ is at the sides of the brain rather than at the front 


a walnut and it wouldn’t affect 
the observations that they live 
very complex and social lives.” 
Although Lilly might 
have objected to the walnut 
comment, the idea of dolphins 
as socially complex beings is 
a sentiment with which he 
would have agreed. While 
performing rather unpleasant 
invasive experiments on the 
brains of living dolphins, he 
noted that the dolphins would 
often call out to each other 
(using whistles), and would 


seek comfort from one another. 


He believed that this was 
evidence that dolphins were 
both socially complex animals, 
and that their communication 
system might be as complex as 
human language. 

Fifty years later, there is 
evidence to suggest that Lilly 
was not too far off the mark. 
In experiments, dolphins 
perform nearly as well as the 
great apes when it comes to 
understanding the meaning 
of symbols, and how these 


symbols can be combined 

to create sentences. While 

attempts to establish two-way 

communication with dolphins 

have not been as successful as 

similar work with apes, their 

ability to comprehend symbols 

in the lab is remarkable. 
Lilly’s suggestion 

that dolphins possess a 

communication system 

as sophisticated as our 

own, however, is probably 

not correct. To be fair, 

scientists understand next to 

nothing about how dolphin 

communication works. They 

have, however, discovered 

that dolphins possess a skill 

that is otherwise unknown 

in the animal kingdom - 

expect for among humans. 

In some dolphin species, 

each individual has its own 

signature whistle that it will 

use throughout its life, and 

that might serve as a ‘name’. 
We know that dolphins can 


remember the signature 
whistles of their 


P 


DOLPHIN INTELLIGENCE 


WHAT IS INTELLIGENCE? 


Is it really possible to compare the cognitive 
abilities of completely different species? 


Most scientists studying 
animal behaviour don't like 
to offer a definition of 
intelligence. We simply 
cannot reduce the diversity 
of animal cognitive skills to a 
single standard that allows 
us to compare different 
species. lf pressed, some 
scientists will cite the ability 
to produce flexible, adaptive 
behaviour in the face of novel 
problems as the mark of 
intelligence. But ask the 
general public about animal 
behaviour that could be seen 
as intelligent, and we name 
properties that do not fit 
this narrow definition: things 
like self-awareness, having 
complex emotions, 
understanding language, 
tool use, the ability to count 
or playful behaviour. 

There is one factor that 
all of these things have in 
common: they are all 
cognitive and behavioural 
skills at which humans excel. 
This human-centric view of 
intelligence has long been 
used to evaluate the 
intelligence of other species. 
In trying to figure out if 
dolphins are intelligent 


animals, early researchers 
spent decades trying to 
teach them to both produce 
and understand language. 
We've learned a lot about 
dolphin cognition by testing 
their ability to use symbols 
in the lab, but focusing too 
much on factors like symbol 
use - which is so important 
to human intelligence - does 
not tell us much about the 
kind of cognition that is likely 
to be relevant to dolphins. 
Their own cognitive worlds 
have developed to cope with 
the complex nature of their 
unique societies, and rely 
on sensory-perceptual 
systems like echolocation; 
something completely 
foreign to humans. 

In order to answer the 
question of how intelligent 
dolphins might be, we should 
try to learn how their minds 
evolved to solve dolphin - not 
human - challenges. 
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DOLPHIN INTELLIGENCE 


Human 


_ African elephant 


Chimpanzee 


sBottlenose dolphin 


>] relatives and playmates, 
even whistles that 
they’ve not heard in over 20 
years. And recent research 
suggests that dolphins also 
respond when hearing their 
own signature whistle, which 
means it’s possible that 
dolphins call each other by 
name on occasion. 

Although Lilly could not 
have known it at the time, he 
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might well have been witnessing 
this very behaviour during his 
experiments half a century ago. 


DOLPHIN LEARNING 


If dolphins are trying to get each 
other’s attention by calling each 
other’s names, it might mean 
that they have some awareness 
of the minds of others around 
them. Unlike most great apes, 
dolphins seem to be able to 


Unlike great apes, 
dolphins understand 
» pointing gestures 
‘ made by humans 


spontaneously understand the 
human pointing gesture. This 
suggests they might attribute 
mental states like seeing or 
intending to the pointing 
humans. How an animal that 
has no arms can understand 
a human pointing is a real 
mystery. And while there is 
no evidence that dolphins 
fully understand the inner 
thoughts and beliefs of others 
(something called theory of 


Horse 


mind), dolphins do point with 
their heads to direct humans’ 
attention towards objects they 
want them to look at. 

Having some awareness 
of their own - and of others’ - 
thought processes is perhaps 
what allows dolphins to 
devise solutions to complex 
problems, as they have done 
in experimental settings. 
In the wild, a female Indo- 
Pacific bottlenose dolphin 


Australian bottlenose dolphins 
use sponges to protect their 
noses while hunting for fish 


was observed removing the 
cuttlebone from a cuttlefish 
to make it easier to eat - a 
long process that would have 
required some planning. 
Hunting can be similarly 
ingenious. Wild bottlenose 
dolphins in Shark Bay, 
Australia use marine sponges 
as tools to flush out fish, a skill 
that is passed down through 
the generations. A number of 
dolphin populations appear to 
learn hunting techniques from 
their peers, with bottlenose 
dolphins stranding themselves 
as a group on the mudflats of 
South Carolina in order to trap 
fish, and orcas teaming up to 
produce waves to wash seals 
off ice floes in Antarctica. This 
social learning is integral to 
the idea of culture in animals, 


with the intricate and ever- 
changing social alliances 
between male dolphin groups 
in Shark Bay resembling a 

soap opera plotline. Navigating 
a world filled with political 
intrigue requires serious 
brainpower in order to 
remember who owes you a 
favour and which friends you 
can rely on. The leading theory 
as to why dolphin brains grew 
so large is that extra cognitive 
muscle was required to keep 
track of these tricky social 
relationships, something called 
the social brain hypothesis. 


BRAINY BEASTS 


This might explain why other 
species that live complicated 
social lives also have big-ish 


“Navigating a social world 
filled with political intrigue 
requires serious brainpower” 


defined as knowledge passed 
on from animal to animal. It’s 
perhaps the best explanation 
as to how young orcas can 
learn their family’s dialect. 

There is one hypothesis as to 
why dolphins have big brains 
that might yet vindicate Lilly’s 
original ideas, and it involves 
the kind of social intelligence 
that makes problem-solving, 
culture and self-awareness 
possible. Many dolphin species 
live in complex societies, 


brains (like chimpanzees, 
ravens and humans). But 
don’t write off those small- 
brained, tiny EQ species quite 
yet. Much of the complex 
behaviour we observe in 
dolphins is also seen in species 
that do not live in complex 
social groups. Chaser the 
border collie knows over 
1,000 symbols representing 
objects - a ‘vocabulary’ that 
dwarfs that of the dolphins 
or great apes tested under 


In a process called ‘strand 
feeding’, bottlenose dolphins herd 
fish onto sandbanks and eat them 


DOLPHIN INTELLIGENCE 


CLEVER CORVIDS 


Crows aren't as bird-brained as you might think... 


When it comes to 
intelligence, corvids - the 
crow family - give dolphins a 
run for their money, with a 
number of species proving 
adept at skills that have 
traditionally only been seen 
in primates and dolphins. 

New Caledonian Crows 
have been observed using 
and manufacturing tools in 
the wild, tearing leaves off 
branches and forming them 
into hooked probes to 
retrieve hard-to-reach food 
items. Jackdaws can use 
human gaze and pointing 
to locate a reward. In 
captivity Western Scrub 
Jays appear to plan 
their behaviour, 
caching their 
favourite foods 
strategically so 
they'll always be 
able to access them 
regardless of which 
enclosure they're kept 
in for the night. 

Crows remember the 
faces of humans that have 
bothered them in the past, 
and this information is 
passed on to others in the 
group, resulting in crows 
who've had no contact with 


similar conditions. Octopuses 
use coconut shells as tools 

to protect themselves from 
predators. Goats can follow 
the human pointing gesture. 
Fish are able to acquire a long 
list of skills via social learning, 
including predator defence 
and foraging. And ants display 
a behaviour called tandem 
running that is perhaps the 
best example of teaching in 
any non-human animal. 

Lars Chittka, a scientist 
studying insect behaviour and 
a staunch proponent of the 
idea that small-brained insects 
are far more intelligent than 
we give them credit for, asks, 
“Tf these insects can do these 
things with such little brains, 


the threatening human 
attacking them out of the 
blue. Ravens, like dolphins, 
live in complex societies and 
might be one of the only 
species that uses gestures 
(with their beaks) to direct 
each other’s focus of 
attention. In the lab, ravens 
appear to use logic in order 
to solve puzzles involving 
pulling a series of strings 

to retrieve a food reward. 


Thinking outside the box: a New Caledonian 


Crow uses a stick to try and find food 


what does anything need a 
big brain for?” 

The more we understand 
about neurobiology, the 
more we realise that the 
link between brain size and 
intelligence is a tenuous one 
at best. Although there is no 
doubt that dolphins display 
arich tapestry of intelligent 
behaviour, just what the 
oversized walnut is doing 
inside that dolphin skull is 
a bigger mystery now than 
it has ever been. @ 


—— re 
JUSTIN GREGG is a researcher 

at the Dolphin Communication 
Project, and the author of Are 
Dolphins Really Smart? 
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The Northern Lights 


Solar maximum may 
be behind us, but that 
doesn’t mean the Sun’s 
activity has waned 
completely. Our star has 
displayed a smattering 
of relatively angry 
active regions over the 
past few months, some 
of which have fired off 
powerful solar flares. 
Occasionally these blasts 
have been accompanied by huge eruptions of plasma, known as ‘coronal 
mass ejections’, which go on to create beautiful auroral displays when 
they interact with the magnetic field of our planet. The polar regions are 
the best places to see this spectacular phenomenon. However, if the 
conditions are right, energetic displays of the Northern Lights can be 
seen from Scotland, Northern Ireland and parts of northern England. 


The planets 


The gas giant Jupiter 
dominates the night sky 
at the start of the year. 
It’s high in Gemini in the 
southern half of the sky 
around midnight 
throughout January, and 
remains prominent until 
late April. April is also 

a great month to 
observe Mars: the Red 
Planet will be in the 
south around midnight towards the middle of the month. The best time 
to catch Saturn is in May, when it is bright and up all night long in the 
southern half of the sky. See if you can spot Mercury on the key dates 
of 31 January, 23 May and 1 November, while early February and July 
will be the best times to observe Venus before sunrise. As these planets 
are close to the Sun, take care when looking for them. 


Celestial alignments 


Alignments and 
groupings of the Moon, 
bright planets and other 
celestial objects are 
when they appear close 
to each other from our 
perspective on Earth 

— and this year there'll 
be several to look out 
for. Before dawn on 21 
March, the gibbous Moon 
will be close to Saturn. 
Right before sunrise on 18 August, bright planets Venus and Jupiter 
will be low in the northeast. On the 31st of the same month, there’s a 
lovely grouping of the crescent Moon, Mars and Saturn visible low in 
the southwest right after sunset. In the early evening of 25 October, the 
Moon will pass in front of Saturn - with a scope you'll see the Ringed 
Planet vanish behind one lunar limb and emerge from the other. 


Galaxies and nebulae 


March is a great time 
to look out for the 
beautiful Beehive 
Cluster in Cancer. This 
superb star cluster is 
visible to the naked eye 
from a dark sky site 
and is a joy to observe 
in a small telescope. 
Summer can be a 
wonderful time for 
stargazing too: it’s the 
best time to observe our own Galaxy, the Milky Way. Head to a site 
with a clear southern horizon and dark skies to catch its concentrated 
stripe of stars and dark dust lanes. Andromeda, a galaxy outside our 
own, makes for a great view in October’s skies. And one of the most 
prominent nebulae in the night sky — the spectacular Orion Nebula, 
pictured above - is best seen in the winter months. 
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the nation of a ‘typical’ scope 


Our reviews cover more than 

just telescopes — binoculars, mounts, 
cameras and eyepieces all fall under 
the gaze of our expert reviewers. 
Find out how each piece of kit fares 
when it's turned on the night sky, then 
examine it in 360° with our exclusive 
and interactive online models. 


www.skyatnightmagazine.com 
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CLAIM YOUR 
FREE COPY* OF 


soe Sky at Night 


MAGAZINE 


Here’s a great opportunity to sample an issue of the fantastic 
and informative BBC Sky at Night Magazine — absolutely FREE! 
There are no obligations or catches 


WHY CLAIM YOUR FREE COPY? 
> Exclusive comment and analysis from the presenters of the 
Sky at Night TV show 
> Coverage of the latest discoveries in astrophysics, plus in-depth 
news and equipment reviews 
> Practical observing guides to the month’s night-sky highlights 


www.skyatnightmagazine.com 


: - WHAT TO EXPECT FROM YOUR 


: My, 


FREE COPY’ 


A clouded world 


On the 40th anniversary of the first fly-by 

of Venus by the Mariner 10 probe, discover 
more about a planet that’s steeped in mystery 
and the latest mission to unlock its long-held 
secrets, Venus Express. 


Tackling space 
debris 


Find out what's being done by space agencies 
and private industry to tackle the growing fields 
of space junk in orbit around our planet. 


9 
ISON’s aftermath 
C/2012 S1 ISON was dubbed the ‘comet of the 
century’, but it didn’t quite deliver. We hear from 
professional astronomers to find out exactly 


what happened to the comet during its close 
encounter with the Sun in late November 2013. 


See Jupiter at 
its brightest 


We reveal why the next few month’s are a great 
time to see and image the biggest planet in the 
Solar System, and how to spot its retinue of moons. 


va 


Read in-depth reviews of astro equipment and 
observing accessories, including this binocular 
telescope from Vixen, Meade’s new 12-inch 
computerised scope and Pentax’s latest GPS 
accessory for astro imaging with a DSLR camera. 


Coverdisc 


Watch classic and current episodes of The Sky at 
Night, explore interactive features and listen to 
exclusive audio content. Our coverdisc is also 
packed with beginner resources — including ‘get 
started’ guides, observing forms and more. 


CLAIM YOUR 


FREE ISSUE’ TODAY 


¢ CALL NOW ON 


0844 776 0401 


tCalls to this number from a BT landline will cost no more that 5p per minute. Calls from mobiles may vary. Lines are open Monday to Friday: 8am to 8.30pm, and Saturday and Sunday: 10am to 4pm. 
*This offer is available to UK residents only and is subject to availability. Your free copy will be the next available issue posted to you within six weeks of your phone call. 
The free copy offer is limited to one copy per household. This offer closes on 9th March 2014. 
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Great reasons to subscribe 


* Try your first 5 issues for just £5" * Continue to make great savings after your trial period 
¢ Never miss an issue of your favourite magazine »* Enjoy easy and convenient delivery direct to your door 


2 EASY WAYS TO ORDER 
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*The 5 issues for £5 offer is only available for UK delivery addresses (excluding BFPO addresses). For overseas rates visit www.buysubscriptions.com/januarysale. This is a Direct Debit only offer where the first 5 issues will 


be charged at £5.The discounts and prices shown are follow-on rates payable by Direct Debit. The Basic Annual UK Subscription Rate of Radio Times is £90.20. This price is for 51 issues, which includes the Christmas double 
issue and a contribution towards first class postage.All savings are calculated from the Basic Annual Rate. You are free to cancel your subscription at any time — if you cancel within 2 weeks of receiving your fourth issue you 


will pay no more than £5, this is with the exception of Radio Times and Match of the Day, which you will need to cancel before your 4th issue. The offer ends Ist February 2014. 
TCalls to the number above made from a BT landline will cost no more than 5p per minute. Calls from mobiles and other providers may vary. 


Listening to Music 
- the Benefits 


There have been many studies carried out 
over the years that have shown 
remarkable benefits for mankind through 
listening to music. It is an activity that is 
intrinsic to all cultures and is one of the 
few that involves using the whole brain. 
Listening to music is now often used for 
various therapeutic purposes because it is 
believed to improve memory and 
intelligence, improve physical 
development and coordination, reduce 
stress and blood pressure, and even 
reduce levels of pain. 


However, music can also be irritating if 
it’s too loud or distorted, or if it distracts 
from other activities we are involved in. 
Most of the studies have been carried out 
using a reasonably good quality of 
musical reproduction. Quite remarkably, 
many people today and probably a 
majority of teens and late teens, are 
listening to a considerably lower quality 
level of music than their peers back in the 
1970’s. Back then a basic hi-fi system, 
often consisting of just a turntable, 
amplifier and a pair of speakers, was a 
‘must have’. Students going off to 
university would make it 

a priority to set themselves up with 

a decent hi-fi system — and the quality 
was, in retrospect, surprisingly good. 


ADVERTISEMENT 
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(4 ra Quite remarkably, 
many people 
today and probably a majority 
of teens and late teens, are 
listening to a considerably 
lower quality level 
of music than their 9 9 


peers back in 
the 1970’s 


Have advances in technology driven the desire for 
convenience and quantity at the expense of quality? 


Quality vs Quantity 


How different it is today where advances in 
technology have driven the desire for 
convenience and quantity at the 
considerable expense of quality. For many 
young people especially, the iPod, MP3 
player or mobile telephone, connected to a 
pair of in-ear headphones, is their primary 
source of listening to music. The problem 
with this is that low-grade reproduced 
music is not going to deliver any 
significant beneficial outcomes for the 
listener. Probably the opposite will be true. 


Low-grade music in this context is the 
result of two main factors, a) the delivery 
system (the hardware) and b) the source 
material (the ‘music’). Although the 
amplification section of the mobile device 
is a technological wonder, it’s not hi-fi! 
Nor are in-ear headphones. They can’t hold 
a candle to the stereo-typical system from 
the 1970’s. As far as the source material is 
concerned, it’s being over-generous to call 
it music if it’s a typical MP3 or AAC (the 
iTunes default format) download. These are 
both highly compressed formats with the 
most popular download speed of 128 kbps 
being about one-eleventh the size of a full 
resolution CD track (1411 kbps), so the 
quality is inevitably far inferior. 
Information is irretrievably lost and the full 
dynamic range is lacking. Using an iPod 
while jogging does not really raise a 
quality issue but playing low-resolution 
tracks through, for example, an iPod 
docking station that feeds into a decent hi- 
fi system, is a disaster area. 

It is very poor quality made louder and this 
even affects the type of music listened to. 
For example, most classical recordings 
downloaded as an MP3 or AAC file are a 
complete waste of time because there is so 


much information missing, all the 
complexities of the music are lost, and the 
recordings are reduced to just the essence 
of a tune. 


Future of Recorded 
Music 


If convenience has trumped quality for 
many people, we must ask what the future 
prospects are of maintaining high quality 
music recordings. Fortunately audiophiles, 
or hi-fi connoisseurs, or perhaps most 
accurately described, music lovers, 
continue to drive the demand for quality 
because there are some wonderful hi-end 
systems available and being sold today. 
Another important reason for hope within 
the mass-market is that there is no longer 
any over-riding reason for MP3 and AAC 
to have such a following. These formats 
were designed to overcome very slow 
download speeds pre-broadband and 
expensive memory capacity. These are not 
significant factors for most people now. 
Even iPods, if loaded 
with full resolution 
tracks, can deliver 
acceptable 

results through a good 
system. The trade-off 
is a smaller selection 
of stored music. Full 
resolution audio 
streaming, as well as 
CD quality 
downloads, are 
already available and 
will become the norm 
as the wider public 
becomes aware of 

the tremendous 
quality benefit. 


Hi-fi connoisseurs and audiophiles are 
very important to the music industry. 

By their nature, they are generally avid 
music lovers who enhance their 
enjoyment through listening to music at 
its very best quality level, which means 
playing great recordings through hi-end 
hi-fi to achieve the most outstanding 
results. Without them, the main driver for 
quality would probably be removed from 
the music industry. 


Specialist hi-fi retailers also come into this 
category because it’s their interest that has 
driven them into their particular business. 
These specialist retailers also perform 
another very important function because, 
without them, hi-fi manufacturers would 
have to rely on the internet and hi-fi 
magazine reviewers to try and assess the 
relative merits of different brands for 
potential customers — a notoriously 
unreliable decision making process. 
Specialist hi-fi retailers are constantly 
being offered new products for assessment 
and potential stocking and, as it is also 
their hobby as well as their livelihood, 
they are greatly interested in achieving the 
best performance and seeking out the most 
outstanding combinations. More than that 
though is their relationship with 
audiophiles and hi-fi connoisseurs for, if 
they are to stay in business, they must 
satisfy the most discerning customers in 
the industry. The reality is that audiophiles 
and specialist hi-fi retailers (and the ones 
listed on this page represent the UK’s 
finest) are essential to each other. 


Specialist dealers know how to choose the 
products that combine as a superb system 


and how to get the best out of it by expert 
installation in the home. They also 


appreciate how exciting an 


d involving 


music can be and how it can deliver a 
powerful emotional experience. If there’s 
a price premium over an internet 
purchase by choosing a specialist dealer, 
it’s probably a small one, but it’s 
unquestionably worth the difference. 


Our Top 20 UK Hi-Fi Dealers 


SOUTH 


SOUNDCRAFT HI-FI 

40 High Street. 

t: 01233 624441 
www.soundcrafthifi.com 


RAYLEIGH HI-Fl SOUND 
& VISION 


216 Moulsham Street. 
t: 01245 265245 
www.rayleighhifi.com 


INFIDELITY 

9 High Street, 
Hampton Wick. 

t: 020 8943 3530 
www. infidelity.co.uk 


AUDIO VENUE 


36 Queen Street. 
t: 01628 633995 
Www.audiovenue.com 


MARTINS HI-FI 


85-91 Ber Street. 
t: 01603 627134 
www.martinshifi.co.uk 


RAYLEIGH HI-FI 
44a High Street. 
t: 01268 779762 
www.rayleighhifi.com 


RAYLEIGH HI-FI SOUND 
& VISION 

132/4 London Road. 

t: 01702 435255 
www.rayleighhifi.com 


LONDON 


AUDIO VENUE 


27 Bond Street. 
t: 020 8567 8703 
www.audiovenue.com 


GRAHAMS HI-FI 

190a New North Road. 
t: 020 7226 5500 
www.grahams.co.uk 


ORANGES & LEMONS 
61/63 Webbs Road. 

t: 020 7924 2043 
www.oandblhifi.co.uk 


SOUTH WEST 


AUDIENCE 

14 Broad Street. 

t: 01225 333310 
www.audience.org.uk 


GULLIFORD HI-FI 

97 Sidwell Street. 

t: 01392 491194 
www.qgullifordhifi.co.uk 


MIDLANDS 


OVERTURE 


3 Church Lane. 
t: 01295 272158 
www.overture.co.uk 


FRANK HARVEY 
163 Spon Street. 
t: 024 7652 5200 
www.frankharvey.co.uk 


CYMBIOSIS 


6 Hotel Street. 
t: 0116 262 3754 
www.cymbiosis.com 


CASTLE SOUND & VISION 
48/50 Maid Marian Way. 

t: 0115 9584404 
www.castlesoundvision.com 


NORTH 


THE AUDIO WORKS 

14 Stockport Road. 

t: 0161 428 7887 
www.theaudioworks.co.uk 


ACOUSTICA 

17 Hoole Road. 

t: 01244 344227 
www.acoustica.co.uk 


LINTONE AUDIO 
7-11 Park Lane. 

t: 0191 477 4167 
www.lintone.co.uk 


THE AUDIO ROOM 

Savile Street, Hull 

t: 01482 891375 
www.theaudioroom.co.uk 


SOUND ORGANISATION 
2 Gillygate. 

t: 01904 627108 
www.soundorg.co.uk 


WALES 


CERITECH AUDIO 

5 Monnow Bridge. 

t: 01600 716362 
www.ceritech-audio.co.uk 


These specialist dealers have been selected because they are known to do an excellent job in 
guiding customers towards hi-fi that will give years of musical enjoyment and total satisfaction. 


SPECIALIST 
HI-FI DEALERS 


VALUE FOR MONEY 
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FACILITIES 


VERDICT 


Fiow to Become a 


Successful Writer! 


By Marian Ashcroft 


If you’ve ever fancied being a writer but don’t know where 
to start — here’s the answer. For the past twenty-four years 
The Writers Bureau has been running a home-study 
Creative Writing course that teaches ordinary people how 
to write, get published and earn an extra income. 


‘Most people can be taught to write for publication,’ claims 
Susan Metcalfe, Head of Britain’s largest writing college, ‘as 
long as they want to write, are willing to learn and put in the 
time and effort required. Our students prove that. They come 
from all walks of life and have very different educational 
backgrounds. Yet, after studying with us many will see their 
name in print for the first time.’ 


The Creative Writing course offered by The Writers Bureau 
covers all genres — articles, short stories, novels, books, scripts 
etc. so students get a chance to explore all types of writing to 
find where their interests and talents lie. 


Students also receive individual, personal tuition from a 
professional writer who gives guidance on style, technique and 
marketing. 


‘The course gives a student confidence in their work and the 
know-how to increase their chances of publication,’ explains 
Susan. ‘Unfortunately, the untrained writer is more likely to 
have their work returned to them, not because they can’t write, 
but because they haven’t followed the rules of the publishing 
world. And that, in a large part, is what we teach — how to make 
your work acceptable to those who will pay for it.’ 


The college also provides a whole support system to novice 
writers that includes their tutors, their advisors, free resources 
and chance to converse with other writing students on their 
website. 


The Writers Bureau is so confident in the training and support 
it provides that it gives an amazing money back guarantee — if 
a student doesn’t earn their fees back through published writing 
by the end of their course the college will refund them in full. 
Plus, the course comes on 15-day trial so you can see for 
yourself the quality of the training on offer. 


To find out more about how The Writers Bureau can help you 
become a successful, published writer contact them for a free 
prospectus: 


0800 856 2008 


www.writersbureau.com Please quote ref: JL9114 


publisne! 


Tim Skelton “Besides seeing my first book in print, I've 


appeared in The Times and The Independent, and updated yet 
more guide-books for Fodor's, Thomas Cook, and the AA. | am 
writing flat-out, and getting paid what | can now describe with 
pride as a decent salary. And it is thanks to The Writers Bureau 
that | got this chance. It provided me with the 


publishes 


opportunity to realise an ambition which | 
didn't know how to nurture. | do now.” 


Anne Perdeaux “This has been my first full year as a writer, 
and | am thrilled with my earnings at this stage — £1589.80 — 
especially as I’m still only half-way through the course. | 

love being able to tell people that I'm a . hed 
‘freelance writer’. After 40 years of working publiis 

I've finally found a job | love!” 


Chris Green “|'ve had 30 pieces of work accepted by various 
publications since | started my Writers Bureau course — a mere 
18 months ago. | contemplate that fact and | am amazed to have 
come so far in such a short time. Thanks to the careful and 
patient tutoring provided by The Writers Bureau and 

the boundless confidence this has given me, ° che? 
| can continue to explore my potential and pudo \) 

see where it takes me." 


Lucy Costigan “This course has so far been simply 
amazing and has given me the confidence to send in my work 
to several leading, glossy magazines. My tutor has given me 
fantastic support and brilliant feedback on every 

one of my assignments. | find it hard to 

believe that | have already had four 

articles published.” 


ee 


Why Not Be A Writer? 


First-class home-study course gets you a flying start. Earn while you 
learn. Expert tutors, personal guidance, help to sell your writing and 
much more! It’s ideal for beginners. Details free. No cost. No 
obligation. Send the coupon, call or click NOW! 


(BLOCK CAPITALS PLEASE) 
Address 


Postcode 


' Freepost RSSK-JZAC-JCJG 
; |}he Writers Bureau 
; Dept JL9114 

1 Manchester M3 1LE 


! Freephone 0800 856 2008 
! www.writersbureau.com 


, le a www.facebook.com/writersbureau Institute for Learning and 
I www.twitter.com/writersbureau Development and ABCC 


Writers 2 4 Years of 
Bureau Success 


To Save £30 
Quote JL9I14 
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SUSAN 
BLACKMORE 


Susan is a visiting 
psychology 
professor at the 
University 

of Plymouth. Her 
books include The 
Meme Machine 


Q> SID MOORE, CHELMSFORD 


What would wi-fi look 
like if we could see it? 


EY ACCORDING TO ILLUSTRATIONS 
by artist and researcher Nickolay 
Lamm, wi-fi would look like vertical 
or horizontal radiating sine waves 
coursing through the environment. 
Sine waves are regular curves that 
describe a repeating oscillation. He 
visualises sub-channels as differing 
colours and draws the peaks of the 
waves about 12.5cm apart. That 
wavelength corresponds to the 
2.4Ghz wireless frequency band. 
Another of Lamm’s illustrations 


; : D : Nickolay Lamm’s 
depicts wi-fi signals as concentric iY 


depiction of 


YOUR QUESTIONS ANSWERED 


BY OUR EXPERT PANEL 


LVRS: ; 
DR ALASTAIR ROBERT GARETH LUIS 
GUNN MATTHEWS MITCHELL VILLAZON 
Alastair is a After studying Starting out Luis has a BSc in 
radio astronomer physics at Oxford, ~ asa broadcast computing and an 
at the Jodrell Robert became a engineer, Gareth MSc in zoology 
Bank Centre for science writer. He's» now writes and from Oxford. His 
Astrophysics at a visiting reader in ~ presents Digital works include 
the University of science at Aston Planet on the BBC How Cows Reach 
Manchester University World Service The Ground 


EMAIL YOUR QUESTIONS TO Questions@sciencefocus.com 


or post to Focus Q&A, Tower House, Fairfax Street, Bristol, BS13BN 


circles, like ripples in a pond, 
radiating a hundred metres or so 
from their source. GM 


wi-fi shows a 
multicoloured world 
of radio waves 
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tonnes is the weight of the Prelude, the largest 
floating facility ever created at 488m (1,601ft) 
long and 74m (243ft) wide. It will be used in 
the production of natural gas. 


MICHELLE RAYNER, LIVERPOOL 


ls stroking good 
for pets? 


Stroking your cat is in no way linked to a subconscious 
desire to take over the world 


ED YES. STROKING IS the equivalent 
of grooming and grooming is the way 
that cats, dogs, monkeys, and many other 
animals maintain their relationships and 
care for each other. They enjoy it, as well 
as being a means to keep clean. 

But - and it’s a big ‘but’ — grooming has 
to be consensual. Animals approach each 
other cautiously, gaining permission to 
groom or asking to be groomed. We have to 
do the same. If you hate being touched in 
the wrong way by a stranger or by someone 
you dislike, then you can imagine how a dog 
or cat might feel if unexpectedly stroked. 
Arecent study measured levels of stress 
hormones in cats and found that the most 
stressed were cats that didn’t like being 
stroked but still tolerated it. The results 
were widely misinterpreted as meaning 
you shouldn’t stroke your cat, but this was 
not what the study showed. Lots of cats 
love being stroked. The real lesson is that 
stroking is an intimate activity and pet 
owners need to treat it that way. SB 


(0) JOHN ROBERTSON, FLORIDA 


Cana planet exist 
without asun? 


| AD YES, PLANETS CAN indeed 

be ‘free-floating’, without a parent 

star. Such planetary-mass objects 

may have been ejected from their 
original star system — these are often 
referred to as rogue planets or nomad 
planets. Another way they can form is 
independently by the condensation of 
material in much the same way as the 
stars themselves — these are normally 
called ‘sub-brown dwarfs’. There are, 
in fact, a small number of objects that 
have been tentatively identified as 
rogue planets or sub-brown dwarfs, 
the most intriguing of which is possibly 
S Ori 52, amember of the Delta Orionis 
star system (the right-most star in the 
belt of Orion). The closest rogue planet 
to Earth yet discovered, PSO J318.5-22, 
is around 80 light-years away. Some 
recent studies have actually suggested 
that there may be more free-floating 
planets in the Milky Way Galaxy than 
there are stars! AG 


An artist's impression of a 
rogue planet - looks like a 
nice place to visit 


How do we suck air into our lungs? 


Breathe in 


Chest expands 


Lungs 


Diaphragm 


Diaphragm contracts Diaphragm relaxes 


Breathe out 


EE} YOUR DIAPHRAGM IS a sheet of 
muscle below your lungs. When you 
breathe in, the diaphragm contracts and 
flattens. This increases the volume of 
your chest cavity so the pressure inside 


your lungs drops. Atmospheric pressure 
pushes air in through your trachea until 
the pressure equalises. 

To breathe out, the opposite takes 
place, with the diaphragm pushing up. LV 
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QUESTION OF THE MONTH 


A heat map of the hand 
reveals warm core 
temperatures (orange and 
red) as opposed to the cold 
surface of the skin in blue 


> CRAIG NOTEMAN, BELFAST 
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Why did we evolve warm blood? 


EL) BEING WARM BLOODED 
means that your body is maintained 
at a fixed temperature, regardless 
of how cold your surroundings are. 
The term for this is homeothermy. 
Less than 1 per cent of animals 
are homeothermic - it’s basically 
confined to mammals and birds. 
The disadvantage of leaving 
the heating turned up all the time 
is that you burn a lot more fuel; 
homeothermic animals need 
about 10 times as much food. 
However, chemical reactions 
generally happen faster at warmer 
temperatures and a warm body 
can work at the same activity level 
even in cold environments, such 
as at night, underground, or in 
winter. Insects often can’t fly when 
it is too cold because their flight 
muscles can’t contract fast enough 


and many reptiles have to bask 
in the sun for several hours each 
morning to warm up. A regulated 
body temperature also allows you 
to evolve enzymes that are tuned 
to work efficiently within a precise 
temperature range. The downside 
of this is that hypothermia or 
heatstroke are enough to render 
our enzymes inactive and kill us. 
Another possibility is that 
homeothermy may have evolved 
as a strategy for fighting infection. 
A 2010 study at the Albert Einstein 
College of Medicine in New York 
found that a body temperature 
of 36.7°C was enough to protect 
against most fungal infections. 
Mammals and birds rarely get 
fungal diseases but they are a 
problem for fish, as anyone who 
has kept goldfish will know. Lv 


[D MARK WEST, COVENTRY 


Are geniuses born 
or made? 


EL} BOTH. NO AMOUNT of learning or 
practice will turn most of us into a genius. 
Yet, learning and persistent practice 

are essential even for those born with 
exceptional potential. An old theory, 
recently revived with new evidence, is 
that it takes roughly 10 years to reach true 
expertise in any endeavor, whether it’s 
music, sport, maths or science. Personality 
also matters, with geniuses found to be 
open to experience, introverted, hostile, 
driven and ambitious. And is personality 
born or made? Again, it’s both. sB 


Forget the chalk and board - a 
10-year subscription to BBC 
Focus ought to do the trick 


(OD SOPHIE JEFFRIES, BROMLEY 


Are biscuits addictive? 


EY NOT REALLY. WHILE astudy from 
Connecticut College last October showed 
that eating biscuits activates the same 
pleasure centres in the brain as cocaine 
and morphine (at least in rats), this is just 
a roundabout way of saying that eating 
biscuits is nice. If biscuits were truly 
addictive, then you would need to eat more 
and more biscuits each time to achieve the 
same satisfaction. And stopping altogether 
would cause physical withdrawal effects. 
We are hardwired to seek out sweet and 
fatty foods, and it’s easy to overdo this when 
we are stressed or bored or depressed. But 
that’s a long way from the genuinely habit- 
forming properties of addictive drugs. LV 


Biscuits: not 
highly addictive, 
but often too 
pleasurable 
nonetheless 
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(D MATTHEW BUGEJA, BY EMAIL 


Is there any food that 
helps you burn fat? 


EY) THE WHOLE IDEA of fat-burning 
foods is just a marketing ploy used by 
supplement manufacturers to sell the idea 
that you can somehow take short-cuts 

to weight loss. There is some research 
(such as a 2012 study in the Journal of the 
American Medical Association) to suggest 
that you burn slightly more calories each 
day on a low-glycemic index diet than one 
which involves lots of sugar and refined 
carbohydrate. But you still won’t ‘burn fat’ 
unless you use more calories than you eat. LV 


eS They may be fiery but a 
ay 7 chilli isn’t going to burn 
— ~ “4 ( through your calories 


. 
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(2D JAMES RHODES, CHESTERFIELD 


Can internal combustion 
engines use hydrogen? 


E THE IDEA OF using hydrogen gas 

in car engines actually pre-dates the use 

of petrol, with the first such engine being 
built over 200 years ago. It wasn’t a success, 
and hydrogen remains challenging to use, 
because of its lightness and flammability. 
This makes it hard to transport, and ignition 
hard to control. RM 


A7-cylinder BAW 
hydrogen-based internal 
combustion engine 

~ 


RVNNE. 


Did you know? ae 


The largest battery in the world provides all oe 
36 megawatt hours (MWh) of energy storage. 
Itis housed ina football pitch-sized building in 
Zhangbei, China, and stores energy collected 


from wind turbines and solar cells, 
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Q> ARJUN DHALIWAL, LONDON 


What happens when two black 
holes collide? 


EL} THERE ARE TWO possible outcomes 
for colliding black holes. If the black holes 
are of similar size and are spinning, they 
may not merge at all but violently recoil, 
sending one of the pair hurtling away. If, 
however, the black holes do indeed 


(OD suTTIWIT SUKPINIT, THAILAND 


When black holes collide the 

resulting impact is so great 
that ripples are sent through 
the fabric of space and time 


coalesce, vast amounts of energy would 
be released and massive ripples, called 
gravitational waves, would be sent 
through the fabric of space-time. So far, 
however, no instrument has yet detected 
these tell-tale gravitational waves. AG 


Why don't humans have a mating season? 


ED MOST ANIMALS TIME their 
reproductive season so that young are born 
or hatch when there is more food available 
and the weather isn’t so harsh. There are 
exceptions, though. Most dog breeds go into 
heat twice a year and many rodents reproduce 
almost continuously through the year. In 
some primates, social factors are more 
important than food availability. Female 
chimpanzees don’t advertise when they are 
fertile and have promiscuous sex, regardless. 
This is thought to reduce the rate of 
infanticide from unrelated males, by making 
it hard for them to be sure whether or not 
they are the father of any offspring and this 
may have been important in humans too. 
Human sexual behaviour does vary subtly 
throughout the menstrual cycle, though. A 
2007 study at the University of New Mexico 
found that lap dancers earned more money 
when they were fertile; perhaps because 
they were unconsciously acting sexier. LV 


“Winter is coming, 
let’s get busy” 


What is 4D printing? 


ED THIS IS 3D-printing with the added 
dimension of time, with objects configured 
to change shape during their lifetime. 
In some materials, the shape-shifting is 
triggered by a change in temperature. To 
achieve this, conventional plastics are 
integrated with thermally sensitive shape- 
memory fibres. Other 4D-printed materials 
could change shape by being prodded or 
poked or coming into contact with water. 
It’s a relatively new field, so the results 
are fairly basic, but objects that morph at 
your command are exciting nonetheless. GM 


A collaboration between MIT's Sel 
Assembly Lab and 3D printing compe 

Stratasys produced this 4D object t 
changes shape in response to temperat 


1) HURRAM QURESHI, MARKET HARBOROUGH 


How can we'see in our dreams 
when our eyes are closed? 


E) SEEING REQUIRES MORE than 
eyes — it needs a whole vision system, 
a system that remains active during 
dreams. When our eyes are open, they 
form an image on the retina from where 
information travels along the optic nerve 
to way-stations in the thalamus and then 
to the occipital lobe of the brain’s cortex. 
Many other systems in the brain then 
analyse shape, colour and movement, 
enabling us to recognise objects. 

During dreams there is no input from 
the eyes, and since our muscles are 


Thalamus 
(light blue) 


Optic nerve 
(orange) 


Vision is more than just 
meets the eye - multiple 
parts of the brain come 
together to form an image 


paralysed we cannot respond. Even so, 
the rest of the visual system is highly 
active, creating what seem to be sights, 
colours, and actions. However, ‘seeing’ 
in dreams is not like seeing with our eyes 
open. Objects shift unpredictably, colours 
are vague, letters appear but cannot be 
read, and people can be mixtures of two 
or more characters. In other words, 
seeing in dreams is what you would 
expect from a brain that is starved of 
reliable input and has to use memory 
and imagination instead. sB 


Occipital lobe (red) 


ALAN HUGHES-HALLETT, WANSTROW 


Can shouting help 
overcome pain? 


ED YES. IN EXPERIMENTS in which 
students suffered the pain of ice-cold 
water, they endured it longer if they 
were allowed to shout, and especially if 
they swore. Many other animals yelp, cry 
or squeal when hurt and we may have 
evolved the instinct to shout for three 
reasons: to scare away an attacker, to 
warn others of danger and to attract help. 
So our noisy response may be based on 
ancient evolved brain structures. 
Interestingly, the part of the brain 
that deals with swearing is distinct from 
the main language areas in the left 
hemisphere. It lies deep inside the brain 
and includes the amygdala, which is 
involved in the flight-or-fight response 
that prepares us for action and reduces 
sensitivity to pain. SB 


The best thing to do in an accident: SHOUT! 
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Q> SALLY CARTER, ANDOVER 


Can Heisenberg's 
uncertainty principle 


be proven? 


Heisenberg was certain that his 
uncertainty principle described the 
behaviour of atomic particles 


ED FIRST PUT FORWARD in 1927 by 
the German physicist Werner Heisenberg, 
the uncertainty principle is a cornerstone 
of quantum theory. As such, it’s crucial 
to understanding everything from the 
Big Bang to microchips. But while there’s 
no doubt uncertainty pervades the 
quantum world, it’s now known that 
some explanations of its cause are 
fundamentally misleading. 

Heisenberg correctly showed that 
quantum theory puts limits on the 


precise values of certain properties of, 
say, subatomic particles at any given 
time. The more precise their position, 
for example, the less certain their 
momentum. Heisenberg proved this 
to be an inevitable consequence of the 
mathematics used in quantum theory 
to describe such properties. 

But he also gave an ‘everyday’ 
explanation of the result - repeated 
in many textbooks - which pins the 
blame for the uncertainty on the act 


of observing particles. Any measurement, 
he claimed, inevitably jolts the particles, 
altering their properties in accordance with 
his mathematical formula. 

While easier to grasp than his abstract 
equation, Heisenberg’s intuitive explanation 
is now known to be wrong. Experimental 
results that were published last year have 
shown that observations do in fact trigger 
a level of uncertainty, but by less than 
predicted by Werner Heisenberg’s 
simplistic argument. RM 


(D TONY HRIZENKO, BY EMAIL 


Does the Universe go on 


forever? 


EL COSMOLOGY IS UNABLE to provide 
a definitive answer to this common 
question. Because light takes time to 
reach us from the furthest depths of 
space, and the Universe hasn’t existed 
forever, there is a distance beyond which 
we cannot see. This distance is roughly 
46 billion light-years and marks the 
boundary of the ‘observable Universe’. 

Since we can never see the Universe 
beyond this, we have no real idea about 
how big it may be. Some research 
suggests the Universe is infinite. 
However, other studies, most notably 
those of the temperature ripples in the 
‘cosmic microwave background’ (the 
afterglow radiation from the Big Bang) 
imply that the Universe is actually finite. 
But, even if the Universe is finite in size, 
it may still not have an ‘edge’, in the same 
way that the surface of the Earth is finite 
in area but doesn’t have an edge. AG 


The cosmos may 
actually be finite, 

as shown in this 
artist's impression, 
but it may not have an 
edge to bump into 
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Is it possible to get headphones with 


cords that dont tangle up? 


EY THE ABILITY OF flex, rope, cord or 
anything stringy to become hopelessly 
tangled is one of life’s familiar frustrations. 
Now some headphone makers have started 
fitting their products with flat, ribbon-like 
flex that they claim combats the menace. 
The explanation lies in a branch of 
mathematics known as self-avoiding 
random walk theory. This focuses on the 
properties of random paths in three 
dimensions. These are what headphone 
flex follows when you shove it in your 
pocket. In 1988, mathematicians discovered 
that flex following such random paths 
is virtually certain to form a knot. The 
remedy is to stop the flex performing such 
contortions. Like ordinary flex, ribbon-like 
flex can bend easily — but only in two 
dimensions; its thickness makes it less 
able to bend in the third dimension. As 
knots require free movement in all three 
dimensions, this makes ribbon flex less 
prone to knotting. RM 


If only he’d adhered to the self-avoiding random walk theory 


(OD MARTY O'NEILL, BY EMAIL 


How much salt is there in the Dead Sea? 


it di ficult 


it s to. 4 ist there, ; 
: @ the name AL " 


EY THE DEAD SEA has asalinity of 33.7 
per cent. This is almost 10 times saltier than 
ordinary seawater. If you evaporated a litre 
of Dead Sea water, you’d have around 250g 
of salt left behind, and in the whole of the 
Dead Sea there are about 37 billion tonnes 
of the stuff. 


—— 


Ordinary sea salt is 97 per cent sodium 
chloride whereas Dead Sea salt is a mixture 
of lots of different chloride and bromide 
salts. Ordinary sodium chloride only makes 
up about 30 per cent. That’s still enough to 
supply the entire population of the UK with 
cooking salt for 70 thousand years! LV 


(CD JOHN ROBERTSON, FLORIDA 


Does your brain 
shrink with age? 


An MRI scan reveals the reduced 
size of an 80-year-old’s brain 


ED YES. AT 80, your brain typically weighs 
15 per cent less than it did when you were 
20. Neurones aren’t normally replaced and 
the mechanisms that repair minor damage 
get less effective as we get older. Other 
animals don’t experience this but humans 
have unusually large brains to begin with 
and also live unusually long. 

A shrinking brain is just one of the many 
consequences of our extended lifespan, 
like arthritis and cancer. But research 
has found that remaining physically active 
in your seventies helps slow down the 
brain shrinkage. Lv 


DD DAN GRAY, CAMBERLEY 


Why cant we cure 
the common cold? 


EL} PARTLY BECAUSE IT’S nota single 
disease. There are about 200 different 
cold virus and vaccines or treatments that 
target one and aren’t generally effective 
against others. The good news is that in 
2006 researchers discovered that as many 
as half of all childhood colds are caused by 
a previously unknown strain of virus, 
called human rhinovirus C. The structure 
of the virus was mapped last year, which 
might lead to targeted treatments. LV 


[In Numbers | 
£400,000 


is the price that one of the world’s six relatively 
complete skeletons of a diplodocus was sold 
for at auction. The 17m-long skeleton was found 
ina quarry in Wyoming in the USA. 
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TOP TEN 


HEAVIEST FRESHWATER FISH 


1. Beluga 


Location: Caspian and 

Black Sea basins 

Heaviest recorded: 1,571kg 
Status: Critically endangered 


2. White sturgeon 


Location: North America 
Heaviest recorded: 816kg 
Status: Common 


3. Giant freshwater 
stingray 

Location: Southeast Asia 
Heaviest recorded: 544kg 
Status: Endangered 


4. Chinese 
paddlefish 


Location: Yangtze River 
Heaviest recorded: 450kg 
Status: Feared extinct 


5. Bull shark 
Location: Oceans and 
rivers worldwide 

Heaviest recorded: 315kg 
Status: Near threatened 


6. Giant barb carp 
Location: Southeast Asia 
Heaviest recorded: 300kg 
Status: Critically 
endangered 


7. Mekong giant 
catfish 

Location: Southeast Asia 
Heaviest recorded: 300kg 
Status: Critically endangered 


8. Arapaima 


Location: Amazon River 
Heaviest recorded: 200kg 
Status: Uncertain 


8. Nile perch 


» Location: Africa 
Heaviest recorded: 200kg 
Status: Invasive species 


10. Alligator gar 


Location: North America 
Heaviest recorded: 148kg 
Status: Uncertain 
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What's the difference between good 
cholesterol and bad cholesterol? 


EY POSSIBLY NOT MUCH. ‘Good’ 
cholesterol refers to high-density 
lipoprotein (HDL) and ‘bad’ cholesterol 
to low-density lipoprotein (LDL). The 
conventional wisdom, promoted by 
government as well as pharmaceutical 
companies, is that eating fats, especially 
saturated fats high in LDL, leads to heart 
disease. Yet scientists have known for 
decades that the amount of cholesterol 
you eat is unrelated to the amount in your 
blood. This is because what you eat is 
broken down by digestion and may, or may 
not, be used to make cholesterol again. 
Convention has it that ‘bad’ cholesterol 
causes heart disease and ‘good’ cholesterol 
protects against heart disease, but some 
recent research shows that even people 


High-density cholesterol 
like this is thought to 
reduce the chances of 
heart disease 


with enough HDL may still have heart 
disease because other factors, such as 
exercise, affect the way HDL works. Some 
scientists are now arguing that high 
cholesterol levels do not cause heart disease 
at all — indeed that the whole cholesterol 
hypothesis is a con. 


(D matt SILcox, EXETER 


Doesnt Darwinism mean nice people are losers? 


EY DARWIN’S THEORY OF evolution is 
often summed up by terms like ‘survival 
of the fittest’, in which ‘selfish genes’ 
favour nasty creatures over nice ones. Yet 
the reality is that many organisms — 
including humans - do better by adopting 
traits like co-operation and altruism. 
Theoretical biologists have investigated 
this counterintuitive fact using computer 
simulations. These create virtual 
collections of organisms able to use 
various different co-operation strategies, 
and then monitor the degree to which 
they thrive in the ‘Darwinian struggle’ 
over thousands of generations. The 
results confirm that co-operating 
organisms are fitter than nasty ones, but 
only if they also adopt certain other 
traits. For example, they must be 
willing to start out thinking the best 
of other organisms, and to forgive 


occasional transgressions — while being 
prepared to give as good as they get if 
necessary. But the research also shows 
that societies of ‘nice guys’ don’t last 
forever: sometimes bad guys rule. RM 


Being a nice guy 
doesn’t necessarily 
make you a loser in life 


Eon 


HOW IT WORKS 
SKYTRAN TRANSPORT SYSTEM 


Each pod seats two 

people. Larger groups 

_ can travel in trains 
. 2b of pods that are 
connected to each 
other via audio and 
video links 


High-speed maglev 
guideway 


Passengers board the 
skyTran at a departure 


Deceleration lane 


Passengers disembark 


The acceleration lane portal at an arrival portal 
switches pods onto Extra pods wait on the 
the maglev guideway ‘off line’ guideway 


TRAVELLERS IN TEL Aviv will soon be able to poles are actually being levitated within the light they don’t need the powerful, energy 
glide above the hustle and bustle of the city's supporting rail. Magnets are embedded in the intensive superconducting magnets used in 
congested roads in comfort. The magnetically top of the carriage’s poles, which interact with maglev trains. It is even hoped the skyTran 
levitating ‘skyTran’ is set to be built above the an induction coil contained within the rail. The transport system can become energy 
gridlocked city, with work hopefully starting magnets induce a current in the coil when the self-sufficient by adding solar panels. 
this year. The system lets you board a pods move. This current produces its own Since there is no contact between the pod 
personal cabin to take you around the city, magnetic field that repels the magnet in the and the rail, friction and noise is reduced, 
and since it exploits the unused space above pod, making it levitate. A separate electrified making for a more relaxing journey. What's 
roads, it should be relatively cheap to build. acceleration rail is needed at stops to initially more, the pods are summoned at the touch 
While the personal pods may look like they get the pods moving - they can hit speeds of of a button when requested via the website 
hang from the guideway, their connecting 240km/h (150mph). As the pods are relatively or a mobile app. 


eae 


DD RICHARD O'NEILL, GLASGOW 


How do we know the laws of physics 
apply throughout the Universe? 


Space as we know it - 


(oD STEPHEN CHARD, ST IVES 


Why are High Frame Rate films better? 


EY HIGH FRAME RATE 
(HFR) films like the recent 
installment of The Hobbit 
improve clarity and prevent 3D 
effects being spoiled by motion 
blur. Most movies are filmed 
and then projected at 24 frames 
per second (fps), but HFR 
versions of The Hobbit doubled 
that to 48fps. 

Even higher frame rates are 
likely: director James Cameron 


filmmaker Douglas Trumbull 
plans to use dual 3D cameras 
and the maximum frame rate 
currently possible: 120fps. 
While computer-generated 
effects in the HFR version of 
The Hobbit won plaudits, some 
thought the live action was too 
naturalistic, like a home video. 
If HFR is here to stay, pressure 
is sure to increase on films to 
have even more detailed 


but do the same rules 
apply everywhere? 


intends to make two Avatar 
sequels using 60fps. And 
veteran 


sets, make-up and 
costumes to keep 
them believable. GM 


PHOTO: NASA, WARNER BROTHERS, GETTY, ALAMY 


EY TO BE BLUNT, we don't - 
it’s just an assumption. Science 
proceeds by constructing 
theories on the basis of 
plausible principles, such as 
Einstein’s assertion that the 


laws of physics must be the 
same regardless of how fast 
one travels. These are then 
put to observational test, 
and are modified when they 
prove unreliable. RM 


The problem with High Frame Rate films is that chaps like this can seem a little too real for comfort 


[D KATHRYN FRIEL, CA 


KNOW THE ANSWER? 
) Go to sciencefocus.com/qanda/what 
and submit your answer now! 
LAST MONTH’S ANSWER: 
Richard Territt correctly guessed 
crystals of saccharin 


EY SOME STUDIES SUGGEST that 

people who sleep more than nine hours 

have an increased chance of suffering illness 

or accident. But it isn’t clear whether this 

is caused by too much sleep, or if it’s simply 

that people predisposed to become ill are 

also more likely to spend longer in bed 

— for example because they are depressed. 
In any case, this is for people that 

routinely oversleep. Catching up on lost 


BRIDGE 


Is it good to lie-in on weekends? 


sleep at the weekend doesn’t do you any 
harm by itself, but it may not be enough 
to repair damage caused by inadequate 
sleep during the week. A 2013 study at 
Pennsylvania State University College 
of Medicine found that catching up on 
lost sleep reduced the levels of stress 
hormones in their blood. But it didn’t 
improve their performance in tests that 
measured concentration. LV 


It's great to know that beating 
your stress levels involves 
lying in bed for hours 


P 
ail 


NEXT MONTH Over 20 more 
of your questions answered 


For even more answers to the most puzzling 
) questions, see the Q&A archive at 
www.sciencefocus.com/qanda 
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ON THE HORIZON 


UPP 


THE HYDROGEN FUEL 
CELL FOR YOUR PHONE 


WORDS: JOE SVETLIK 


E’RE MORE RELIANT 

on our phones and 

tablets than ever before, 

so it’s a shame their 

batteries don’t last 
longer. Solar chargers and 
battery packs work, but aren’t 
ideal. So if you’re on the move 
and don’t want to lose touch, 
this new type of portable 


charger could well save the day. 


It’s called Upp, and it works 


with y device with a Sie 


hydrogen into electricity via 
a fuel cell, shrunken down 
and made portable. The only 
by-product is water, which is 
released as a small puff of 
steam. You buy the Upp fuel 
cell, then slot in a cartridge 
to power it. Then once it’s 
hooked up to your device 
via USB, it’ll start charging, 
no plug socket required. 

You may have seen a couple 
of hydrogen fuel cell chargers 


© THIS MONTH 


BILL THOMPSON 
The rise of intelligent apps 
p83 


JUST LANDED 
Sony PlayStation 4 
p84 


ULTIMATE TEST 
4K-resolution TVs 
p86 


only a small ‘trickle’ charge 

to hikers and campers, and 
don’t get anywhere near Upp’s 
promise of a week of electricity 
for charging your phone. 
Besides, Upp’s founders have 
an impressive track record in 
making fuel cell technology 
work in a practical way. They’re 
responsible for the fuel 
cell-powered black cabs that 
ran dunnet the London Ohmpics 


ILLUSTRATOR: DEM ILLUSTRATION 


Tech Hub 


There's a mini power 
station converting 
hydrogen to 
electricity in Upp’s 
svelte-looking case 


your phone a boost), each fuel 

cartridge could last more than a 
month. It’s instant too, as if you’d plugged 
into a wall socket, rather than the slow 


dribble charge you get from solar chargers. 


And it’s smart - it detects when your 
phone battery is full and stops charging. 
It’ll even prolong your device’s lifespan. 
“When your device’s battery is nearly full 
or nearly flat, giving it full current will 
charge it inefficiently,” explains Henri 
Winand, CEO of Intelligent Energy (Upp’s 
parent company). “Upp knows how full 
the battery is, and throttles back the 
amount of voltage to charge it efficiently 
and stop it overheating.” 
Intelligent Energy is 
marketing Upp asa 
platform, so other 
companies can use it 
and brand it as their 
own, or even build it 
into other devices. 
But experts aren’t 
sure if Upp will 
appeal to the 


An app lets you know how 
much juice the Upp has left 


mainstream. “Mobile chargers are 
everywhere, at home, at work - so much 
so that some companies have stopped 
bundling them with phones,” says Edgar 
van der Meer, an analyst at NRGExpert. 
“With Upp, there’s the extra hassle and 
cost of buying the cartridges. But that’s 
not to say it doesn’t have a market. 

“T could see it being big with people 
who go camping, or travelling. We’re so 
used to being connected, and increasingly 
there’s mobile coverage in remote areas, 
but no source to charge your phone.” 

Portable fuel cells have been promised 
for a while now, but so far they’ve been 
prohibitively expensive. Upp launched 
in South Africa in December, and will 
come to other countries — including the 
UK - soon, though Winand wouldn’t 
say when that would be. Mobile networks 
will subsidise it, so the price will vary. 
One example price Winand gave was 
$199 (£120), which is still expensive. 

But then, what price can you put on 
staying connected? 


a a es 
JOE SVETLIK is a freelance technology 
journalist who writes for CNET 


WHAT'S HOT 
USB TYPE-C 


We've all done it: try to plug 
ina USB stick only to realise 
it's the wrong way round, 
flip it over and try again. 

It's a minor foible, but since 
most USB ports are at the 
back of a computer, out 

of sight, it happens more 
often than not. The next 
generation of USB, named 
Type-C, will eradicate this 
problem as it will fit into 
your computer in both 
orientations. Phew! 


WHAT'S NOT 


HANDS-FREE 
PHONE KITS 


Talking on a hands-free phone 
kit can be nearly as distracting 
as using your mobile phone, 
according to new research 
from Newcastle University. 
The study, which monitored 
heart rate, breathing and 
driving ability, saw drivers’ 
performance drop 37 per 
cent during a call on a hands- 
free kit. Drivers missed 
hazards and didn’t 
spot stop 
signs. 


READER POLL 


Is it dangerous to use a hands-free 
phone while driving? 


37% 

No - it's just 

like having a 
63% passenger in 
Yes - it the car 
distracts 
the driver 


THENEXT BIG THING =. 


COGNITIVE APPS 


he Cloud is one of the 

dominant models of 

modern computing. 

It’s a simple way of 
expressing the convergence 
of internet-accessible 
storage, on-demand 
computation and ‘software 
as a service’ that hides most 
of the complexity. 

In the last five years it 
has become shorthand for 
what are, in reality, data 
centres scattered across the 
world that are connected 
by fibre optic links, driving 
us to an age where computer 
power is as mucha 
commodity as electricity. 

But the Cloud is about to 
get an upgrade that could 
change everyday life as we 
know it. IBM has plugged 
the Watson computational 
engine into its cloud 
computing offerings. It 
promises to bring the 
latest in AI and cognitive 
computing to any 
application that wants it. 
Think of it as ‘intelligence 
as a service’. 

Watson is one of the most 
powerful computational 
systems developed. It has 
access to a vast knowledge 
base, including the whole 
of Wikipedia, and can 
answer questions put to it 
in English. Its ancestors 
include Deep Blue, which 
beat chess Grandmaster 
Garry Kasparov in 1997. 
And Watson itself famously 
won an episode of the TV 
gameshow Jeopardy, 
beating two champions. 

Now IBM is offering 
Watson to customers, who 
can build it into their 
applications to do high- 
level analysis. The initial 
applications aren’t 
particularly exciting — for 
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example, a health app that 
suggests activities after you 
‘talk’ to Watson — but they 
are clearly just the start. 
Developers will quickly 
find it easier to access 
Watson’s processing power 
than build natural language 
systems of their own. 

At the moment Google 
and Apple have their own 
systems, powering Google 
Voice Search and Siri 
respectively, and we’ve 
already seen some 
interesting hacks that use 
these services. But the 
Watson integration is a lot 
deeper, because it’s not just 
doing voice interpretation 
and delivering search 
results but offering deeper 
analysis and processing. It 
could transform the way we 
interact with technology. 
Imagine a home monitoring 
system that knows your 


household so well it can 
tell when you’re being 
burgled because of the way 
the door handle is turned... 

It all sounds a little too 
much like 2001’s Hal for 
me, though that may not 
be enough to stop it. Even 
without surveillance 
concerns, the idea of an 
intelligent back-end to 
an app raises some 
interesting questions 
around data security. 

If Watson does actually 
become sentient, it will do 
so knowing all of your 
secrets. I suspect that isn’t 
a risk that anyone has had 
to consider before. 


BILL 
THOMPSON 
contributes to 
news.bbc.co.uk 
and the BBC 
World Service 


This wristband monitors your 
heartbeat and uses your unique 
cardiac rhythm to authenticate 
your identity. You can then use 
the NYMI to log in to your computer, 
smartphone, car and more. Getnymi.com 


+ Sony Xperia Z2 

Sony’s next smartphone aims to blow its 
rivals away with a 2.3GHz processor and 
4k-resolution video capture. Sony.com 


+ Samsung Galaxy S5 

Anew Samsung Galaxy phone is set to arrive 
in March, which should set the benchmark 
for Android devices. Samsung.com 


IBUYPOWER 
STEAM MACHINE ie 


Californian PC Maker, iBuyPower, 
has unveiled the first Steam 
Machine (see issue 263). It's 
essentially a console-style device 
that'll play PC games, sold at a 
price similar to the PS4 and Xbox 
One. Ibuypower.com 


+ Macbook Air Retina 

Apple's best laptop, the Macbook Air, should 
get a lovely HD display come June, joining its 
big brother the MacBook Pro. Apple.com 


+ Google Nexus Gem 

Google is working on a smartwatch. Connected 
watches from the likes of Samsung and Sony 
were a disappointment, so hopefully Google's 
take wins us round. Play.google.com 


TELLSPEC 


This gadget tells 
you the allergens, 
nutrients and 
calories in your 
food by scanning 
it, a bit like Star Trek's Tricorder. It uses a 
spectrometer to study light reflected from 
your food. Tellspec.com 


+ iPhone 6 

Apple recently bought PrimeSense, the Israeli 
tech company that created the motion-sensing 
hardware powering Microsoft's Kinect. With 
this in mind, here's hoping the next iPhone has 
some truly innovative features. Apple.com 


+ FABtotum 

This is an all-in-one fabricator that houses a 3D 
printer and scanner, as well as a machine mill 
and laser cutter. Fabtotum.com 
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1 REINVENTING 
THE WHEEL 


Yes, a quad bike would 
be a fun way to get to 
work, but that’s not why 
we're interested in this 
off-roader. Excluding 
Mars rovers, this is 
the first vehicle to use 
airless tyres. The 
honeycomb structure 
can flex and bend, 

but remains strong if 
damaged. In fact its 
creator, Polaris, says 
it can take a hit from a 
50-calibre bullet. The 
bad news is that the 
wheel isn’t road legal. 
Polaris Sportsman 
WV850 
www.polaris.com, 
$14,999 (£9,173) 


NIGHT 
2 RIDER 


Sometimes the 
smartest ideas are 

the simplest ones. 
These bike lights 

attach to your frame 
magnetically. And when 
the light'’s casing comes 
into contact with the 
metal of your bike, the 
light switches on. Take it 
off and clip it back on 
and the light switches 
from a steady beam to 
a flashing one. Ride 
away and the magnet is 
strong enough to hold 
the light in place, even 
on bumpy roads. 
Palomar Lucetta 
www.palomarweb.com, 
€25 (£20 plus P&P) 


3 A SCANNER 
CHEAPLY 
3D scanners take 


physical objects and 
translate them into 
virtual models that you 
can manipulate, or even 
print, on a computer. 
This affordable smart 
infrared-based camera 
clips on to an iPad and 
can scan a room or 
object and turn it into a 
virtual representation. 
You can then redesign 
objects on your PC, 
print out a replica via 
the Shapeways site or 
use it to tell you the 
dimensions of a room. 
Structure Sensor 
Structure.io, $359 
(£219 plus P&P) 


SYNTHETIC 
4 SOUNDS 


Build your own 
synthesizer in minutes 
with this snap-together 
kit. Magnets pull the 
blocks together at each 
end, making it impossible 
to connect parts 
incorrectly. You can buy 
the bits separately or 
buy a ready-made kit 
containing a keyboard, 
sound oscillator, mini 
speaker and more. It's 
not going to make you 
the next Daft Punk, but 
it'll give you the basic 
kit to start making 
sounds, if not music. 
Korg littleBits 
Littlebits.cc, $159 

(£97 plus P&P) 


5 AUTOMATION 
NATION 


This year we've tested 
door locks, light bulbs 
and heating systems 
that connect to your 
Wi-Fi. All are run from 
their own smartphone 
apps, but surely it'd be 
easier if you had one 
hub to control them all? 
That's what the Revolv 
does. It connects your 
smart products so they 
can talk to one another. 
For example, you could 
instruct your smart Yale 
lock to turn your Philips 
Hue light bulbs on when 
you walk in the door. 
Revolv 

Revolv.com, $299 
(£183 plus P&P) 


APPLIANCES OF SCIENCE 


CIRCLE OF 
6 POWER 


It's been five years in 
the making but 2014 will 
be the year MIT’s 
Copenhagen wheel 
goes on sale. This is a 
smart wheel that can 
be attached to any 
bicycle. Once fitted, it'll 
turn your ride into an 
electric hybrid that 
takes the energy 
dissipated while cycling 
and braking and turns it 
into an extra boost 
when you need it. It also 
uses sensors to monitor 
pollution and traffic. 
The Cophenhagen 
Wheel 
Senseable.mit.edu, 

price TBC 
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ULTIMATE TEST 


Forget HD TV, Daniel Bennett 
switches on the latest 4K sets for 
incredible Ultra HD resolution 


ae: 

“6 W385 «ee 
WHAT IS ULTRA HD? oz “es 
It’s the next viewing standard in TV. In reality, Ultra ‘“ wary 


HD is the name given to a display resolution: 3,840 x 
2,160 pixels to be precise. Often referred to as 4K, this 
resolution has four times the number of pixels of the 
current HD (which is 1,920 x 1,080 pixels). More pixels 
means more detail and the jump in visual quality is 
instantly recognisable. The extra sharpness means that 
when watching a football match, for example, you can 
see divots in the pitch. And more importantly, you can 
judge the flight of the ball and the position of the players 
better than before. 


IS MY HD TV OUT OF DATE THEN? 

Not yet, thankfully. The UK terrestrial channels only 
went HD at the end of 2012, so it’s likely to be a while 
before they adopt another new broadcast format. 
Besides, broadcasters are still trying to work out how 
to send such a data-heavy format to your set. The 
difference between standard HD and Ultra HD won't 
make you want to bin your old telly, but it's worth 
considering if you want to future-proof your next 
purchase. That said, the smallest Ultra HD set available 
at the time of writing was a 55-inch model, it’s not clear 
yet how much difference you'll see in smaller screens. 


WHAT CAN I WATCH IF | BUY ONE? 
The first Ultra HD Blu-ray discs, and Blu-ray players, 
will go on sale this year. These new discs are likely 

to hold 300GB of data, 64 times the capacity of a 

DVD. As you'd expect, the first titles will be a mix of 
nature documentaries and blockbusters filmed with 
4K cameras. Netflix and Lovefilm are rumoured to be 
working on streaming 4K content, though that will eat 
up lots of internet bandwidth. Ultra HD TV channels are 
unlikely to appear until 2015, but the current crop of 
Ultra HD TVs all offer upscaling - a clever algorithm 
that upgrades a HD source into a 4K one, though some 
are better than others at this... 


Turn the page to read reviews of Samsung 
and Sony 4K TV sets... 
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SAMSUNG UE65F9000 


£4,999, www.samsung.com 


SAMSUNG'S DESIGN IS a 

little more subdued than 
Sony's Ultra HD TV. The Korean 
company has focused instead on 
the visuals of its smart interface. 
The home menu is a live feed 
of what's currently on TV anda 
pane of windows that show, at a 
glance, what you're able to watch 
right now - whether it’s via media 
played off a USB stick, network 
attached storage or a streaming 
service like Netflix. 


HOW YOU'LL 
WATCH ULTRA HD 


With most TV shows and 
movies now being filmed in 

AK, it’s only a matter of time 
before Ultra HD content makes 
it to our screens. Here’s how 
you'll be able to enjoy it 


The interface is a little confusing 
at first, but the live thumbnails 
are more enticing than Sony's 
menu system. The smart remote 
was So convenient to use, with 
its touch-sensitive trackpad, that 
extra features like gesture control 
- waving your hand to change a 
channel - and voice control were 
an added novelty wasted on us. 

The only Ultra HD content 
available at the time of testing 
was some stock footage 
specifically filmed for shop 
window demos. These can be 


ULTRA HD BLU- RAY 


Panasonic and Sony are teaming up to create 
the next generation of optical discs. Although 


nothing is confirmed, the 
companies have said it’s likely 
to hold 300GB of data, six times 
the amount held by current 
Blu-rays. Expect the first discs 
and players to arrive early 2014. 


alittle over-mastered, but there 
was no doubting the picture 

was astounding. A segment on 
cooking demonstrated that there 
was enough detail in the picture 
to see individual droplets of oil 
leaping out of a pan. The fast 
refresh rate also ensured that all 
this movement was captured in 
high fidelity. In fact, in terms of 
sharpness, the Samsung's display 
surpasses Sony's set. Colours 
jumped off the screen too and the 
blacks, which tend to suffer with 
LED TVs, were inky with lots of 
different tones. Switching from 
4K content to BBC One HD didn't 


REDRAY 
This system is 


already available. 
The company Red usually 


harm the picture quality too much, 
as the upscaling system worked 
well with only a few occasional 
artefacts created by the 
conversion process. In a clever 
move, the ports and ‘brains’ of the 
TV are held in an external box that 
connects via a HDMI cable. This 
means the set is future-proof: 

you simply update this ‘Evolution 
Kit’ to bring it in line with future 
standards. 

The only serious negative is the 
TV's speaker. Screens like this 
usually sound as thin as they look, 
and this one is no different. It's a 
failing that most flatscreens are 
guilty of, but next to the Sony, it’s 
hard to overlook. 


makes cinema-standard cameras, 

but this is its first venture into content delivery. 
Rather than use discs, 4K media undergoes special 
data compression and is available either through 
online streaming or through USB sticks. 
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AT JUST UNDER 2M wide, this is 
alot of TV. The extra width comes 
from the exposed speakers on 
either side that employ Sony's 
Magnetic Fluid technology. It 
sounds space-age, but this tech 
ensures that a very thin pair 

of speakers make a big sound. 
Placed at the front, rather 

than behind the panel, as most 
flatscreen TVs do, these speakers 
provide a much more nuanced 
sound than you expect, so you 
won't have to spend extra on a 
decent sound system. 

With Sony filming this year’s 
World Cup in 4K, and as the 
co-creators of the Ultra HD 
Blu-ray, you can tell the company 
is serious about this new format. 
And it shows. | was provided with 


NETFLIX 

The on-demand 
streaming service 
is currently testing 
Ultra HD content. The 


= 

extra detail means file sizes are bigger and 
will require better internet connections than 
most people enjoy. Anticipating this, Netflix is 
working on smart ways to compress the data. 


a ‘content generator’ stuffed with 
clips of nature documentaries, 
football matches and film trailers. 
The picture, as you'd expect of a 
TV with a £4,999 price tag, was 
sparkling. 

The added layer of detail from 
the extra pixels brought the 
shimmering feathers of tropical 
birds to life in a way I'd never seen 
before. Football matches gained 
extra depth, almost like watching 
a game in 3D, and the screen's 
ultra-fast refresh rate made all 
the action flawlessly smooth. A 
trailer for the Total Recall remake 
had the movie looking even better 
than it did at the cinema. The 
colour accuracy and range was 


SONY STREAMING 


It isn’t available in 
Europe yet, but it’s 
likely that it could 

be built into their S 
TVs in the future. 


So that its customers aren't left without anything 
to watch on their new 4K TVs, Sony is running 
an Ultra HD movie streaming service in the US. 


» Sony 


simply unmatched by any TV I've 
seen before. Upscaling, where a 
smart algorithm converts lower 
resolutions into Ultra HD, worked 
well too. Though | wasn't tricked 
into thinking | was watching 

4K content, it did the job well 
without introducing any obvious 
visual errors. 

Sony's menu system is clean 
and clear. | had little difficulty 
navigating to the huge number 
of streaming services available, 
including essentials like Lovefilm, 
Netflix and iPlayer. Ultimately 
though, it’s not as smart, inviting 
or lively as Samsung's offering. 


SKY 


Entertainment 
Network 


Sky has been trying out 
broadcasting Ultra HD Ss 
for a few Premier League 
matches this year with 

a view to opening up a dedicated channel in 
2014. If any broadcaster is likely to do it it'll 


be Sky, especially considering that it already 
offers 49 of its channels in HD. 


SONY KD-65X9005A 


£4,999, www.sony.co.uk 


My only concern at the time 
of writing is that it’s unclear how 
Sony will make this TV compatible 
with the new Ultra HD ports that 
the next generation of Blu-ray 
players will require. That said, 
Sony has promised that its 
customers won't be left behind 
and I'm inclined to believe them. 


DANIEL BENNETT is the reviews 
editor of BBC Focus Magazine 
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HOW DO WE KNOW? 


WHAT 


STARS 


ARE MADE OF 


BY JOHN GRIBBIN 


Unlocking the meaning of features in the spectrum of sunlight 
enabled us to identify elements present in stars and 
gave rise to anew science: astrophysics 


HE PHILOSOPHER 
Auguste Comte wrote, 

in 1835, that ‘there is no 
conceivable means by which 
we shall one day determine 
the chemical composition 
of the stars’. So much for 
philosophy. By the time he 
died, in 1857, astrophysicists 
were well on the way to finding out 
what stars are made of, and the tool 
they would use, spectroscopy, had 
already been invented by 1835. 

In 1802 the British scientist William 
Hyde Wollaston was studying the 
spectrum of sunlight passed through 
a slit to make a narrow beam and 
then through a glass prism to spread 
the beam into a solar spectrum. 

He noticed that the colours were 
separated by dark bands: two in the 
red part of the spectrum, three in 

the green, and two in the blue-violet 
region. Wollaston thought these were 
simply gaps between the colours. But 
his discovery triggered the interest of 
the German Joseph von Fraunhofer, 
who was able to produce much more 
detailed spectra in the second decade 
of the 19th Century. Eventually, he 
identified 574 separate lines. Today, all 
the dark lines in the solar spectrum, 
even more than he counted, are known 
as Fraunhofer Lines. A clue to their 
origin emerged in the same decade 
that Comte died, the 1850s. 
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It started with the work of Robert 
Bunsen and Gustav Kirchoff in 
Germany. This is the same Bunsen 
whose name is known to everyone 
who takes chemistry at school, thanks 
to the famous burner. Early in the 
1850s, the city of Heidelberg had pipes 
installed. These would distribute 
inflammable gas derived from coal 
to households and businesses — and 
to the scientific laboratories of the 
university. It was the inspiration 
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Bunsen and Kirchoff found patterns of bright lines 
in the spectra of elements when they heated them 


for Bunsen’s work with the burner 
that now bears his name. The burner 
combines oxygen and inflammable gas 
in a controlled way, producing a clear 
flame. It’s an ideal tool for a chemical 
test in which substances are identified 
by the colour they give to a flame. 
Bunsen originally used coloured 
filters to calibrate these observations, 
but Kirchoff pointed out that it would 
be possible to make a more detailed 
analysis. Together, they built an 
apparatus that included a narrow 
slit for the light to pass through, a 
collimator to narrow the beam and 
a prism to spread the light into a 
rainbow pattern. Finally an eyepiece, 
like that of a microscope, allowed you 
to view the spectrum. This was the 
first time all these components had 
been assembled in a single instrument 
— aspectroscope - although 
Fraunhofer had used a prism and 
eyepiece combination in his work. 


COLOURFUL FLAMES 


Bunsen and Kirchoff knew that when 
different substances were put in the 
clear flame of such a burner, they 
burned with different colours. A trace 
of sodium, for example, makes the 
flame yellow, while copper colours the 
flame green/blue. When they analysed 
the light from these flames using 
spectroscopy, they found that 
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The Pleiades star cluster, also 
known as the Seven Sisters; thanks 
to spectroscopy we can identify 
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> IN A NUTSHELL 


A ground-breaking experiment 
studying the spectrum of light 
revealed the first signs of elements 
making up the Sun. Later, a 


scientific pioneer found that every 
star in the Universe consists almost 
entirely of just two elements. 
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each element produced bright 
lines in the spectrum at precise 
wavelengths. The lines occurred in 
the yellow part of the spectrum for 
sodium, in the green/blue part of 
the spectrum for copper, and so on. 
One evening, from their laboratory 
in Heidelberg, they were able to 
analyse the light from a major fire 
in Mannheim some 10 miles (16km) 
away, and identify lines produced by 
the presence of strontium and barium 
in the blaze. 
A few days later, Bunsen and 
Kirchoff were taking a break from 
the lab with a walk along the 


Heidelberg, discussing what they 

had seen in the fire. According to 
legend, Bunsen remarked to Kirchoff 
something along the lines of, “If we 
can determine the nature of substances 
burning in Mannheim, we should be 
able to do the same thing for the Sun.” 
He’s said to have added, “But people 
would say we have gone mad to dream 
of such a thing.” 

Nevertheless, they turned their 
attention to the spectrum of the Sun 
and found that many of the dark lines 
found by Fraunhofer were in the same 
part of the spectrum - at precisely 
the same wavelengths - as the bright 


when heated in the lab. The natural 
implication was that these elements 
are present in the outer layer of the 
Sun. It was thought that as light 
from the hot interior passes through 
this region, these elements remove 
light from the spectrum at specific 
wavelengths instead of adding bright 
lines to it. Kirchoff, in particular, 
developed this understanding of what 
was going on. 

Nobody at that time knew precisely 
how the lines were produced. But 
even without that understanding, in 
the 1860s it was now possible to find 
out what the Sun was made of - and, 


PHOTO: SCIENCE AND SOCIETY X4, SCIENCE PHOTO LIBRARY, CORBIS 


Neckar River, which flows through lines produced by various elements using the same technique, what the 


THE KEY 
EXPERIMENT 


By studying the spectrum of the Sun, Bunsen and Kirchoff mastered spectroscopy 
and could see for the first time the elements that make up our nearest star 


AFTER THEIR OBSERVATIONS of the 
Mannheim fire (see main article), Bunsen and 
Kirchoff wondered if they could analyse 
sunlight in the same way. They chose to 

look at the lines associated with sodium in 
flame tests in the laboratory, and tried to 
find out if these bright lines exactly matched 
the corresponding dark lines in sunlight. To 
do this, they reflected sunlight through the 
flame of a Bunsen burner that had been 


caused by sodium in the Sun's atmosphere 
absorbing light from below. 

In that case, the other Fraunhofer lines 
must be caused by other elements 
absorbing light. His discovery was 
presented to the Prussian Academy of 
Sciences in Berlin on 27 October 1859. 
That's now regarded as the date on which 
the discipline of astrophysics was born, 
although it wasn't given that name until 1890. 


‘doped’ with a little sodium and analysed its 
spectrum. They expected that if both lines 
had exactly the same wavelength, the dark 
solar line would be ‘filled in’ by the bright 
sodium line. But to their surprise, they found 
that the dark line was made even darker. 
Kirchoff quickly realised that sodium in the 
flame was actually absorbing some of the 
sunlight, and that therefore these particular 
dark lines in the solar spectrum were being 


Plate with thin slit 


Prism 
Magnifying eyepiece 
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stars were made of. Referring to their 
riverside conversation, Kirchoff is said 
to have told his colleague, “Bunsen, 

I have gone mad.” To which Bunsen 
replied, “So have I, Kirchofft” 

In the last decades of the 19th 
Century, astronomers were able to 
identify the presence of many elements 
also found on Earth in the spectrum 
of the Sun, and with less detail the 
stars. The natural assumption they 
made was that the overall composition 
of the Sun was rather like the overall 
composition of the Earth. But this 
turned out to be wrong. Stars are 
much simpler than that, and we now 
know that they (the Sun included) 
are mostly composed of hydrogen and 
helium, with just traces of the other 
elements. But at the beginning of the 
1860s, nobody even knew there was 
such a thing as helium. Its discovery 
marked the coming of age of solar - 
and stellar — spectroscopy. 


STELLAR DISCOVERY 


The leading light in the discovery 

was the British astronomer Norman 
Lockyer. His greatest achievement 
came on 20 October 1868, when he 
analysed light from the outer layers 

of the Sun with a new spectroscopic 
instrument. These observations 
followed hot on the heels of a 
spectroscopic study of the outer layers 
of the Sun during an eclipse visible 
from India on 18 August that year. The 
observations were made by the French 
astronomer Pierre Janssen. With the 
Moon blocking out the bright light 
from the surface of the Sun itself, he 
could detect lines in the spectrum of 
the material just above the surface. He 
noticed bright lines in the spectrum 

of this layer of the Sun’s atmosphere, 
known as the chromosphere, including 
a bright yellow line, close to but 
distinct from the sodium lines. Its 
wavelength was later measured as 
587.49 nanometres. 

On 20 October that same year, 
unaware of Janssen’s work, Lockyer 
used his new spectroscope to observe 
the solar atmosphere and found the 
same yellow line. Both Janssen’s 
and Lockyer’s discoveries were 
presented to the French Academy 
of Sciences on 26 October 1868. But 
it was Lockyer who took things a 
step further by claiming that the line 
must be associated with a previously 
unknown element, which he called 
helium, from the Greek word for 


CAST OF 


Joseph Fraunhofer 
(1787-1826) worked as 
an optical glassmaker 
in Germany, and 

in 1814 invented 

an early form of 
spectroscope as a tool 
to use in measuring the 
properties of glass. 

He did not follow up 
his observations of 
the solar spectrum, 
except to notice that 
bright stars have 
different lines in their 
spectra, kick-starting 
the discipline of stellar 
spectroscopy. 


Norman Lockyer 
(1836-1920) was 
aclerk at the War 
Office in London in 

the 1860s, and an 
amateur observer 

of the Sun. He then 
became a professional 
astronomer and in 
1869 helped found the 
journal Nature, which 
he edited for 50 years. 
He was knighted 

in 1897. 


| CHARACTERS 


William Hyde 
Wollaston (1766- 
1828) was an English 
physician and scientist 
who, in spite of being 
partially blind from 1800 
onwards, was one of 
the leading scientists 
of his day. He came 
from a wealthy family 
but worked as a doctor 
from 1793 to 1800, 
when he was given 

a large sum of money 
by one of his brothers 
and gave up medicine 
for science. 


Gustav Kirchoff (1824- 
1887) came from an 
intellectual Prussian 
family and studied 
mathematics and 
physics at the University 
of Kénigsberg. He 
began collaborating 
with Bunsen on 
spectroscopic studies 
at Heidelberg in 1854. 
Kirchoff made many 
contributions to 
electrical studies and 
optics, and coined 

the term ‘black body 
radiation’. 


Cecilia Payne 
(1900-1979) was 
inspired to study 
astronomy by a talk by 
Arthur Eddington about 
the eclipse expedition 
on which he had 
“proved Einstein right” 
by measuring the way 
light from stars was 
bent by the Sun. In 
1934 she married the 
astrophysicist Sergei 
Gaposchkin, and 
became known as 
Cecilia Payne- 
Gaposchkin. 
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TIMELINE It was thought impossible to determine the make-up of 
stars, but it took less than a hundred years of discovery 


1814 »eeeeeee Joseph Fraunhofer begins a detailed 
investigation of the dark lines in the solar 


William Hyde Wollaston 
publishes his analysis 
of astronomical spectra 
in the Philosophical 
Transactions of the Royal 
Society. He was the first «see. 
person to notice the 
presence of dark bands in 
the spectrum of the Sun. 
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spectrum, which become known as Fraunhofer 


Lines. He eventually measured accurately the 
wavelengths of nearly 600 of these lines. 
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Pierre Janssen and Norman Lockyer 
| 868 independently discover lines in the spectrum 
eeeeeeee of light from the Sun that do not correspond 
to those produced by any known element. 
Dubbed helium, the element was not found on 
Earth until 1895. 


Cecilia Payne presents her PhD 
thesis in which she provides 
measurements implying that 
eeeeeseees the Sunis overwhelmingly 
composed of hydrogen. Her 
supervisor makes her add the 
comment that this result “is 
almost certainly not real”. 


Albrecht Unsdld also suggests 
that hydrogen really is the most 
common element in the Sun and 


Robert Bunsen and 
Gustav Kirchoff 

detect spectral lines 
produced by strontium 
and barium in a fire 
raging at Mannheim, 

at a distance of 16km 
from their laboratory in 
Heidelberg in Germany. 
This encourages them to 
study the solar spectrum. 


stars. A year later, William McCrea, 
a research student at Cambridge 
University, confirms the result. At 


last, astronomers are convinced. 
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>) the Sun: helios. 
This was a controversial claim. 


But in 1895, the physicist William 
Ramsay found that a previously 
unknown gas released by uranium 
produced a bright yellow line near to 
the sodium lines in the spectrum. He 
initially called this gas krypton. But 
when his colleague William Crookes 
pointed out that the line was in exactly 
the same place as the one found in the 
solar spectrum by Lockyer, Janssen 
realised it was in fact helium. He later 
used the name krypton for another gas 
- it has nothing to do with Superman! 
In effect, spectroscopy had predicted 
the discovery of helium on Earth, 27 
years in advance. 


PAYNE THE PIONEER 


The next step was taken by Cecilia 
Payne, who had been born in 1900. 
She won a scholarship to Newnham 
College, Cambridge in 1919, where she 
studied botany, physics and chemistry, 
but could not be awarded a degree. 
Cambridge did not award any degrees 
to women until 1948. So in 1923 she 
left for the United States. Just two 
years later, she produced a brilliant 
thesis and established that the Sun is 
made mainly of hydrogen. But in 

a sign of the times, the idea was 

not fully accepted until two male 
astronomers independently came 

to the same conclusion. 

By the 1920s, physicists knew (as, 
of course, Bunsen and Kirchoff had 
not) that atoms are composed of a 
tiny central nucleus, with one or more 
electrons at a distance from it. Dark 
lines in a spectrum are produced 
when an electron absorbs a specific 
wavelength of light, moving to a higher 
energy level within the atom. Bright 
lines are produced when an electron 
drops down from one energy level to 
another and emits radiation (in the 
form, we would now say, of a photon of 
light). Payne measured the absorption 
lines in stellar spectra and showed 
how the temperature (in particular) 
and pressure in the atmosphere of a 
star affects the ionisation of the atoms 
there. Ionisation is when an atom or 
molecule gains or loses electric charge 
(see ‘Need to know’). The spectra 
of stars differ from one another not 
because they are made of different 
things, but due to different amounts 
of ionisation in their atmospheres. 

Payne unravelled this complicated 
pattern of hundreds of Fraunhofer 


NEED TO KNOW 


Understand the science of 
spectroscopy with these terms 


FLAME TEST 

The flame test is a simple way to 
determine the identity of an unknown 
substance. A clean wire loop is dipped in 
the substance (a compound, such as 
sodium chloride), then held in the flame of 
a Bunsen burner. The heat of the flame 
excites the atoms (strictly speaking, 
they're ions), causing them to emit visible 
light with a characteristic colour: yellow in 
the case of sodium. 


ION 

An atom (sometimes a molecule) 
that has lost one or more of its electrons 
is positively charged and called an ion. 
The spectra of ions are correspondingly 
different (in a way that can be calculated) 
from those of the ‘parent’ atoms. It is also 
possible for an atom to gain an electron 
and have an overall negative charge. 


STELLAR SPECTROSCOPY 

This is the study of the spectra of 
starlight. In a hot gas, collisions between 
fast-moving atoms raise electrons to 
excited states. They then drop down, 
producing emission lines. In a cool gas, 
the electrons absorb background light and 
are raised to excited states. Spectra of 
stars reveal which atoms are involved, 
and therefore what stars are made of. 


lines and worked out what proportion 
of different elements in different 
stages of ionisation had to be present 
to account for the observations. 
She worked out the proportions 
of 18 elements in the Sun and stars, 
discovering that they all had nearly 
the same composition. But the big 
surprise was that, according to her 
analysis, the Sun and stars are made 
almost entirely of hydrogen and 
helium. Everything else put together 
made up only two per cent of the 
composition not only of our nearest 
star, but of all stars. Most of the 
matter in the Universe was in the 
form of the two lightest elements, 
hydrogen and helium. 

This was almost unbelievable in 
1925, but Payne believed her results 
were correct. Yet when her supervisor 


The spectrum of different stars are shown as horizontal 
strips: dark ‘absorption’ lines betray the presence of 
various elements 


Harlow Shapley sent a draft of her 
thesis to Henry Norris Russell at 
Princeton for a second opinion, he 
replied that the result was “clearly 
impossible”. On Shapley’s advice, she 
added a sentence to the thesis saying 
that “the enormous abundance derived 
for these elements [hydrogen and 
helium] in the stellar atmospheres is 
almost certainly not real”. But with 
the thesis accepted and her doctorate 
awarded, she wrote a book, Stellar 
Atmospheres. The book began to 
persuade astronomers that the results 
were, in fact, almost certainly real. 


THE MAKE-UP OF STARS 


The change of mind was aided by the 
independent confirmation of Payne’s 
results by other astrophysicists. 

In 1928, the German astronomer 
Albrecht Unsdld carried out a detailed 
spectroscopic analysis of the light from 
the Sun. He found that the strength 

of the hydrogen lines implied that 


How do we know? 


there are roughly a million hydrogen 
atoms in the Sun for every atom 
of anything else. A year later, the 
Irish astronomer William McCrea 
confirmed these results using a 
different spectroscopic technique. 
Although many details remained 
to be filled in, by the end of the 
1920s astronomers knew what stars 
are made of - mostly hydrogen and 
helium, with traces of other elements 
in proportions that can be measured 
using spectroscopy. 


Sa S| 
JOHN GRIBBIN is a science writer, 
astrophysicist and visiting fellow in 
astronomy at the University of Sussex 


Find out more 


BBC Universe: spectroscopy 
1BIBICM Watch clips from BBC 
programmes including 


Wonders Of The Universe with Brian Cox 
http://bbc.in/larKxu2 
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|” THE MYSTERY HUM 


THE VILLAGE OF Hythe in Hampshire came 
under attack last October. A mysterious 
droning sound prevented some residents 
from getting any sleep. The low-pitch noise 
was So pervasive that some abandoned 


© their homes, while authorities struggled to 


Pal 


“er 
fp 


find the source. But it’s not just the UK that 
suffers from the annoyingly audible. Bizarre, 
low-pitch hums have been reported around 
the world. Some of them have even,been 
said to have-caused nosebleeds. 


Occasionally there’s an explanation - loud 
noises in mainland Europe in 2005 were 
attributed to the Buncefield oil refinery 
explosion in Hertfordshire 200km away. 
“You'd be surprised how far low-frequency 
noise can travel,” says Trevor Cox, Professor 
of Acoustic Engineering atthe University of 
Salford. “That's why you always hear bass 
from a far-off music festival and not treble.” 
Read on to find out which sounds have been 
solved and which still stump scientists. 


— ae 


9 @) A HUM IN HAMPSHIRE 


Crk Where? Hythe, UK; When? Most nights after 10pm in 2013 


When the people of Hythe 
complained about an incessant drone, 
many naturally accused heavy shipping 
in nearby Southampton Docks. However, 
the finger has also been pointed at a 
more unlikely culprit: amorous fish. 
Some scientists have suggested the 
hums are the handiwork of nocturnal 
male Midshipman fish, which are known 


to emit a deep drone as a mating call. The 
drones, which get louder as the fish 
compete with rivals, may become 
amplified enough to keep the people of 
Hythe wide-eyed. The debate continues: 
“I've seen no credible evidence to support 
or refute the idea that fish are behind the 
noise,” says Ben Wilson, from the 
Scottish Association for Marine Science. 


Sc 


Where? Taos, New Mexico; When? Intermittent since 1992 


Some New Mexicans have 
dubbed themselves ‘the hearers’ - the 2 
per cent capable of detecting a rumbling 
din. In 1993, amidst the intrigue, the US 
Congress sent a team of experts from 
the country's top research institutes to 
Taos. They ruled out military installations 
or seismic events, although a 2008 
study later suggested colliding ocean 
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waves can create mini tremors that 
could travel large distances. Attention 
has turned instead to the workings of the 
ear. A 2003 study revealed those aged 
between 50 and 70 were more likely to 
hear the hum. While tinnitus has been 
ruled out, some propose that changes in 


the ear associated with age can alter the 


perception of low-frequency sound. 
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THE MYSTERY HUM 
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A PURR IN THE PACIFIC 


Where? South Pacific; When? Seasonal between 1991 and 1998 


Twenty three years ago, the sound. The rumble was recorded 
scientists from the US National Oceanic throughout the Pacific and its origin was 
and Atmospheric Administration (NOAA) tracked to 54°S 140°W - a spot in the South 
picked up a strange sound in their Pacific roughly equidistant from New 
underwater listening posts. Over time Zealand, Antarctica and Chile. This areais = © 
they noticed the noise seemed to vary known to be home to underwater volcanism 
with the seasons, although it was unclear but, while volcanic tremors are the leading 
whether it was the source itself varying or contender, the sound began to disappear 
simply the way in which the ocean carried by 1998 without a concrete explanation. 


SUBMARINES SPOOKED DOWN UNDER | 
Where? Australian coast; When? Winters since 2002 E 


Sonar operators aboard 50 and 200HZz. It is crucial for sonar 


submarines are used to hearing operators to have detailed knowledge 
mysterious sounds. However, when of the background ocean noise in order 
Australian submariners picked up a to work out what is, and isn't, biological. 
noise that resembled a quacking duck While the exact source of the sound 

they realised this was something new. remains unknown, it is believed that 
Nicknamed ‘bio-duck’, these sounds last animals are responsible. And it's thought (4 
between two seconds and two minutes that whales, rather than ducks, are the 
and appear concentrated between most likely culprits. 


sr a 


NOISY NOTES IN NEW ZEALAND 


Where? Wellington, NZ; When? Daily for a week in October 2012 


Back in 2012, the New More sensible suggestions included 
Zealand public were gripped by strange electrical sub-station generators or sound 
tales of humming emanating from their reverberating through sewage pipes. The 


capital city. After receiving a swathe council had its own explanation. The 
of complaints, the council launched Singaporean stealth frigate ‘Stalwart’, 
f an investigation but couldn't hear the complete with diesel generator, had 
/ sound. Many explanations were offered. docked the day before the first complaint. 
Some labelled it a sign of an imminent Its departure to Auckland a week later 
; apocalypse or a visit from the Daleks. coincided with complaints petering out. 


—-- , 0 = — 


RUMBLES IN RANCHLANDS 


Where? Ranchlands, Canada; When? Since 2008 


Ranchlands is a small up if heard from a long distance, some 


town - just under 8,000 people live in the accused the Bearspaw water-treatment 
Calgary suburb. A community meeting plant nearby. However, the hum now 

in September 2011 sought to isolate the seems to have spread: similar reports 

cause of an infuriating hum confirmed in have been coming in from all over the 

at least 20 homes by sound engineers Alberta province. The chances are that 

from the University of Calgary. They the disruptive drone is the result of urban ba 
could only say what it wasn't. Described infrastructure, but for those affected the 1 
by some as similar to a jet engine revving source remains frustratingly out of reach. ia 
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If you’ve just sneezed.all over this page, don’t despair: 
Simon Crompton reveals the science that. will help:you keep 
the bugs at bay and survive the seasonal barrage of ailments 
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WINTER HEALTH 


COLDS 


It’s an invading alien, and humankind’s 
most enduring foe. The nasty little cold 
virus injects its genes into our cells and 
reprograms them to assemble hundreds 
of new versions of itself. Within hours 
of infection, there are millions of these 
invading lifeforms milling around inside 
our bodies. No wonder we feel so lousy 
when we catch a cold. 

The body’s immune system mounts a 
massive rearguard action against the 
proliferating invaders, and it’s actually 
this immune response that causes many 
cold symptoms. Coughs, sneezes, an 
inflamed throat and prolific mucus 


A human rhinovirus - the 
most common cause of 
the cold is covered in 
proteins that can bind to the 
outer membrane of our cells 
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production are all part of the body’s 
efforts to eject the little squatters. 

There are 200 cold-causing virus types, 
but most of those are either rhinoviruses 
or coronaviruses. We pick them up 
from anything our hands touch, such 
as door handles, as well as from close- 
range sneezes. The source is usually 
schoolchildren, who often spread germs 
thanks to their grubby fingers and 
sneezing. On average children get seven 
to 10 colds a year, adults two to five. 

Symptoms can take anything between 
two and 16 days to develop after exposure, 
and last a week on average. 


The mineral zinc seems to stop cold viruses from 
replicating. Trials since the 1980s have examined 
whether taking zinc tablets or syrup prevents or 
shortens a cold, and the latest assessment is 
that zinc is more effective than many other cold 
cures. Zinc supplements taken within 24 hours of 
cold symptoms beginning could reduce the cold 
duration by as much as 40 per cent. Taking zinc 
can have side effects in some people, such as 
producing a bad taste in the mouth and nausea, 
but there's no evidence that the supplements 
cause long-term harm. 


Remember mum wrapping you in that 
embarrassing scarf as she packed you off to 
school? She was right. Getting cold does cause 
colds, especially when it's the temperature of 
your nose that drops. A study at the Common 
Cold Centre at Cardiff University chilled the feet of 


It's the aches and pains that can be the most 
gruelling bit of a cold, and taking over-the- 
counter painkillers often seems the best way 
to counter them. But don't turn to ibuprofen 
(commonly soldas Anadin Ultra, Nurofen or 
Cuprofen) to help the common cold. Research 
at the University of Southampton shows that 
paracetamol is a better option for relieving cold 
symptoms, and that ibuprofen might prolong 
them:.By dampening inflammation in the body, 
it may sabotage the body's immune response. 
Oddly, this ‘effect doesn't seem.to. apply to 
children, who-do beneftt from ibuprofen-based 
cold preparations. 


You're probably ahead of us on this one: Of 
course antibiotics: won't work for colds: they kill 
bacteria, and colds are.caused by viruses. True, 
but many doctors do still prescribe antibiotics 

in the belief that they will prevent Secondary 
bacterial infections - for example,-the sticky 
yellow snot phase (not a Scientific term) that‘can 
follow.a bad cold: Now researchers-have found 
that they don't even help with this: the course of 
acold is the same whether you have antibiotics 


WINTER HEALTH 
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90 students for 20 minutes and showed that the Way 
chilled group had twice as many colds over the 
next five days as 90 students whose feet were 
not chilled. Prof Ron Eccles of the Centre says 
that cold temperatures slow down bug-killing 
white blood cells (leukocytes). Since most germs 
enter our bodies through the nasal membranes, a 
cold nose can result in viruses developing at their 
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entry point. Pi Td k s 

Pe eee® 
TAKE VITAMIN C 
Ever since Nobel laureate Linus Pauling 


raged about whether he was right or wrong. The 
latest review of all the evidence, published by 
scientific review body the Cochrane Collaboration 
this year, gives a qualified seal of approval. 
Routinely taking Vit C reduces the duration of a 
cold. It doesn’t prevent most people from getting a 
cold in the first place, but it does seem to stave 
off colds in sports people and others who put 
their bodies through extreme stress. Vit C also 
has the great benefit of causing no side effects - 
unlike some cold medicines from the pharmacist. 


announced in 1970 that taking 1,000meg of Vitamin *o, 
C could reduce colds by 45 per cent, debate has "Oe eu g SeOaR. 06 


INHALE STEAM — 
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There are sniffles, colds, bad colds, man 
flu... and flu. Where do you draw the line? 
The research shows it’s actually quite 
blurry: the colleague who claims flu when 
he has the same bug you called a cold last 
week may not be as pathetic as you think. 
Both colds and flu are viral infections of 
the upper respiratory tract, and how 
doctors classify the infection depends 
simply on how bad your symptoms are. 
Studies show that influenza viruses 
account for 5-15 per cent of all ‘colds’, 
and cold viruses are responsible for much 
flu-like illness. Your age, fitness and state 
of health can all influence whether you 
experience an infection as a cold or flu. 
Flu-type infections come on suddenly, 
and are characterised by fever, cough, 
headache, sore throat, aches, nasal 
congestion, weakness and loss of appetite. 


A wealth of evidence shows that regular 
handwashing can prevent you picking up flu 

- especially when children are in the vicinity. 
Two trials have reported that repeated 
handwashing reduces the incidence of colds 
and flu by as much as 20 per cent. How well 
you wash your hands is important - you have 
to actually wash the viruses off, because heat 


and water won't kill them. One study of children § 


showed that regular hand-washing with “extra 
hand-rubbing” reduced cases of infection by as | 
much as 38 per cent. The jury is still out on the 
question of whether protective gels and hand 
sanitisers bring any additional benefits. 


Sometimes it's only a matter of time before 
science confirms something mums knew all 
along. Chicken soup isn't just comforting, it 
does actually helo your body fight off a flu 
infection. A decade ago, researchers at the 
Nebraska Medical Center in the US found 

that home-made chicken soup reduced 

the tissue inflammation that can cause the 
aches that come with flu. And last year, 
research published in the American Journal of 
Therapeutics showed that an amino acid called 
carnosine, found in chicken soup, creates the 
right chemical environment for our immune 
systems to fight off the flu virus effectively. 


PHOTO: CORBIS, SCIENCE PHOTO LIBRARY X2 ILLUSTRATOR: ADAM HOWLING 
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True flu is caused by influenza viruses of ‘ 
the family orthomyxoviridae. It’s a nasty f 
bug that can lead to other infections and 

even death in the weak or elderly. Its | 
worst symptoms generally last a week, 
but you can feel weak for days after that. | 


The HIN1 virus is one recently identified strain of flu I 


Every winter doctors can provide a vaccine 
specially tailored to protect you against the most 
common flu viruses in circulation. And it's not just 
for older people: in the UK, doctors recommend 
the annual flu vaccine (which is available on the 
NHS) for pregnant women, and adults or children 
with long-term health conditions or weak immune 
systems. The vaccine doesn't protect against 

all the viruses that produce cold- or flu-like 
symptoms, but it does protect against those that 
are most likely to cause serious illness. 


DONT 


TOUCH YOUR FACE 


Your hands, which touch hundreds of microbe- 
covered objects every day, are the vehicle most 
likely to carry flu viruses into your body. Rubbing 
or touching your nose transmits the viruses to the 
soft nasal membranes where they can colonise. 
Touching your eyes has the same effect because 
ducts in your eye drain into the nasal cavity. You 
can reduce your chances of getting flu by leaving 
your face alone, according to Prof Ron Eccles of 
Cardiff University’s Common Cold Centre. 


RELY ON ANTIVIRALS 


Drug company research shows that anti-viral 
drugs like Tamiflu and Relenza slow down the 
rate at which viruses infect cells, and many 
doctors in the UK prescribe them when they think 
someone's life might be threatened. Since 20086, 
the government has spent £424 million stock- 
piling Tamiflu in case of a global flu outbreak. But 
how well do they work? A recent authoritative 
review of all the evidence said that the research 
indicating their benefits was poor quality, and that 
their effectiveness was still unclear. 


FORGET YOUR FLU JAB 


Just because you've had the flu jab one year 
doesn't mean youre protected for life. The flu 
vaccine is a dead version of the flu virus that is 
prevalent in any given year: injecting this primes 


your body's immune system to fight it. But 
influenza viruses are continually mutating - their 
genetic material changes as they proliferate. This 
means that the virus you fought off with a vaccine 
in 2012 may have evolved into something quite 
different by 2013. 


WINTER HEALTH 
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SOR THROAT 


Toa microbe, your throat is a welcoming warm sofa, and 
the inviting gateway to a cosy host. That’s why your body 
packs this area with protective lymphoid tissue - tonsils 
and adenoids - which contain antibodies (lymphocytes) to 
fight off germs before they can enter. In the battle against 
the winter lurgy, your throat is the frontline. 

As viruses and bacteria proliferate in and among this 
lymphoid tissue, the body launches its immune response, 
and the throat area becomes engorged with blood and 
lymph (the fluid that sits between tissues) to deliver 
white blood cells to every front in the battleground. This 
can result in the swollen and sore throat that is so often 
characteristic of the start of a cold. 

Around 70 per cent of the sore throats we experience are 
caused by viruses. The name that doctors use for a sore 
throat is pharyngitis (it means inflammation of the 


= 
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pharynx, the upper throat). Sore throats are usually a result of your body's struggle to fight off viral infections 
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| TAKE THROAT LOZENGES : 
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TRY CHINESE MEDICINAL HERBS 


Herbal medicines are widely used for sore throats in China, and Chinese research 
shows they bring significant improvements. The problem is that the studies don't 
meet world research standards, and an expert review has concluded that until 
preparations of these cures are standardised, and until there's better research, 
they're just not worth the risk. 


BREATHE BAD AIR 


Smoking, pollution and chilled air can also cause or irritate a sore throat. A 2012 
study of 6,500 people found that 28 per cent believed that they'd experienced a 
sore throat caused by air pollution in the past year, and 31 per cent thought they'd 
had one caused by air conditioning. 


PHOTO: SCIENCE PHOTO LIBRARY X2 ILLUSTRATOR: ADAM HOWLING 
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NOROVIRUS 


Norovirus, also called the winter vomiting 
bug, infects up to one million people in 
the UK every year, causing vomiting and 
diarrhoea for around two days. The hardy 
little virus can survive for days on surfaces 
before being picked up by fingers. 

There’s no cure at the moment, but 
University of Cincinnati researchers this 
year unveiled an experimental vaccine, 
which has shown promise in early trials. 
Meanwhile, researchers in 

the UK have invented a 
vomiting robot to find 
out how far the germs 

travel when an infected 


The Norwalk virus - more commonly 
referred to as the winter vomiting bug 


SAD 


SEASONAL AFFECTIVE DISORDER 


Seasonal affective disorder (SAD) is a 
type of depression that is more common 
in autumn and winter. It affects two 
million people in the UK and more than 
12 million people across northern Europe 
but is rare in sunnier climes. Reduced 
exposure to sunlight is thought to play 

a key role. Symptoms include low mood 
and energy levels, and a need to sleep 
more. People with SAD have higher 
levels of melatonin (which promotes 
sleep) and lower levels of serotonin 
(which regulates mood). Recent research 
suggests that SAD could be caused by a 
genetic mutation that makes the eye less 
sensitive to light. 


SAD sufferers can benefit from exposure to strong light 
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You'll recover from-norovirus much sooner if 
you'look after yourself. Taking on enough fluid 
is important-after vomiting and diarrhoea, 

but it can be difficult to keep it down. Take 

on water or rehydration drinks (not sugary 
drinks like cola which can'make diarrhoea 
worse) every three minutes in small sips. 
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USE ARTIFICIAL LIGHTS 


Light therapy - exposure to bright artificial 
lights in winter - is an effective treatment 

for SAD, a recent review of evidence has 
found. According to the American Psychiatric 
Association, the effects are equivalent to 
antidepressant drugs. Light therapy can 
consist of simple exposure to bright artificial 
light, or ‘dawn simulation’, which attempts to 
simulate an earlier sunrise. Normal light bulbs 
wont help: you'll need a special SAD light. 


Dott ‘t 


RELY ON HAND SANITISERS 


Curiously, relying on antiseptic hand sanitisers 
rather than hand-washing might increase your 
chances of infection. A study published this 

year in the American Journal Of Infection Control 
found that health care staff who used hand 
sanitisers for routine hand hygiene were six times 
more likely to get the norovirus than those who 
preferred soap and water. 


VITAMIN 


Exposure to. sunlight stimulates the skin 
to produce vitamin D, and lack of the 
vitamin due to reduced sunlight has been 
put forward as one possible cause of 
SAD: But recent research carried out at 
the University of Warwick has indicated 
no link between depression and levels 

of vitamin D in the blood - so taking Vit D 
supplements is unlikely to help. 


cage 
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SIMON CROMPTON is a health journalist who 
has written for The Times, The Daily Telegraph 
and Nursing Times 
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Secrets Of, 


A WORLD WITHOUT bones would be a 

very different world indeed. They provide 
structure, support and flexibility for all the planet's 
vertebrates - traits that paved the way for the rise 
of primates and, ultimately, human beings. 

In Secrets Of Bones, a new six-part series on 
BBC Four, primatologist and master skeleton builder 
Ben Garrod shares his curious passion for all things 
osseous. “| grew up in coastal Norfolk and | was 
fascinated by the fish bones that used to wash up 
on the beach,” he told BBC Focus Magazine. “A lot 
of my friends thought it was weird and macabre 
that | had skeletons in my bedroom as a kid. But 
bones can reveal so much about an animal.” 

Today, Garrod studies the evolution of monkeys, 
as well as producing animal skeletons for museums 
and universities - a delicate craft that he likens to 
building a jigsaw without knowing what it's meant 
to look like at the end. 

There are some 62,000 species of vertebrates 
on planet Earth, but their skeletons are more 
similar than you might think. From eels and elephants 
to cats and crocodiles, they all share a skeletal 
blueprint. “Take a frog and a whale, for instance,” 


Ben Garrod reveals 
the,secrets. of the 
structures that keep 
us from being,useless 
piles. of fleshy, jelly 


says Garrod. “Believe it or not, there are lots 

of similarities. Their skulls are really similar; 
they've both got vertebrae, forelimbs, shoulder 
blades and ribs. However, it’s the very slight 
differences between the skeletons that are the 
most interesting.” 

In the hands of an expert like Garrod, these 
small variations can reveal how an animal moves, 
where it lives and even what it eats. They can 
also help scientists to trace back our evolutionary 
history to the very first vertebrates. “I really didn’t 
want this to be just a dry series about bones,” he 
adds. “We've got everything from live animals (I've 
been filming with a snake) to 3D-printed bones 
and CGl to bring the skeletons to life. | wanted to 
make a wildlife series from the inside out.” 


JAMES LLOYD 


mem Secrets Of Bones airs on BBC 
ese).@ Four in mid-February. Turn to p108 


for more on the Body season. 


Infested 
In the name of science, 

Dr Michael Mosley lets 
horrific parasites take up 
residence in his body. p108 


Mammoths Of 
The Ice Age 


Find a replica of baby 
Lyuba at this woolly 
mammoth exhibition. p111 


tA, lt, 
Aly, 


Aa | Li —S€ 


SONIC 
WONDERLAND 
A SCIENTIFIC 
ODYSSEY 


OF SOUND 
TREVOR COX 


Sonic 
Wonderland 


From thunder to ice floes, 
take an acoustic tour 

of the world with sound 
engineer Trevor Cox. p1i2 
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WITH TIMANDRA HARKNESS 


Finding Bigfoot 


Animal Planet, Fridays from 3 January, 9pm 


IN THE SNOWY forests of North 
America, the mission resumes. 
Improbably named Bigfoot enthusiasts 
Matt Moneymaker, Bobo Fay, and 
Cliff Brackman, with token scientist 
Ranae Holland are back on the 

hunt. This time they have state-of- 
the-art technology and some new 
sightings to follow up... and a lot 

of expectant viewers. 


Alien Files: Unsealed 


H2, starts 7 January, 9pm 


THE APPEAL OF UFOs is the idea 
that governments know things we 
don't. Which is odd, when you weigh 
the idea that governments don't tell 
us everything (well, duh) against the 
idea that we've been contacted by 
intelligent beings (OMG). Whichever 
floats your boat, the second season 
of this series uses Wikileaks and 
social media to find new UFO leads. 


Dr G, Medical Examiner 


ID, starts 9 January, Tipm 


DR JAN C Garavaglia, a Chief Medical 
examiner in Florida, has the sobering 
task of finding out how people died. 
But in many cases, her work also 
provides leads for the police. This 
documentary series walks the tricky 
line between the dignity of the dead 
and sharing the role of science in 
unravelling mysteries that might 
otherwise die with them. 


PHOTO: DISCOVERY NETWORKS X2, GETTY, NATIONAL GEOGRAPHIC CHANNEL, THINKSTOCK X3 


TIMANDRA HARKNESS is a stand-up comedian and a presenter 
on BBC Worldwide’s YouTube channel Head Squeeze 
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Head lice are just one 
of the little beasts that 
Dr Michael Mosley 
gets acquainted with 


Infested 


BBC Four, 17 February, time TBC 


IN THE NAME of science and 
gripping television, presenter 
Dr Michael Mosley goes in 
search of some parasites 
and invites them to make 
themselves comfy in his body. In 
Kenya he swallows a tapeworm 
cyst, the first step to getting a 
tapeworm aboard that's usually 
done by accident. 

Some of our non-paying 
stowaways are too small to 
be seen with the naked eye. Dr 
Mosley is not dedicated enough 
to wilfully catch malaria, but he 
does give some of his blood to 
show how the malaria parasite 


takes over the cells. And he 
finds out whether he’s one of 
the one-in-four Brits infected 
by Toxoplasma gondii - a brain 
parasite that could even be 
changing his behaviour to suit 
its own evolutionary needs. 
After all that, getting intimate 
with a leech to find out how 
parasites can have medical 
benefits doesn't seem that big a 
deal. But wait - what happened 
to the tapeworm? If only we 
could see what's growing in his 
gut. By making him swallow a 
pill-sized camera... Yes. 
Yes, he does that too. 


Brain Games 3 


National Geographic, February TBC 


None Of The Above 


National Geographic, February TBC 


JASON SILVA AND Apollo Robbins 
are masters of illusion. But this series 
isn't only interested in how the brain 


__ is fooled - it wants to know why we 
can be misled. What's going on in 
your mind when the evidence of your 
eyes shouldn't be believed? What are 
the psychological weaknesses that 
can be exploited for entertainment, 


or for more sinister purposes? 


EVEN SCIENTISTS CAN be wrong 
about the outcome of an experiment 
- that's why they're experiments. So if 
you asked non-scientists to predict 
results, how would they do? That's 
the basis of this series - it's like a 
game show, except the ‘teams’ are 
members of the public, and instead 
of a studio it happens in airports, 
racetracks and shopping malls. 


Deadly Dilemmas 


Discovery, starts 5 February, 9pm 


Fancy a fight with one 
of these? Find out how 
long you'd last with 

Deadly Dilemmas 


WHICH WOULD YOU rather fight: crocodile or great 

white shark? If you had to eat one food for the rest 
of your life, would it be carrots or burgers? This new series 
takes the popular pub-argument format and turns it into 
a high-stakes challenge: which choice gives you the best 
chance of survival? Using experiments, experts and true 
case studies, each episode sets a life-or-death dilemma. 
And thankfully, viewers will not be asked to pay the ultimate 
price for being wrong. 


| ToDoList _ 


mummers Ite Epic Of Everest 


BF, DVD, £13.40 


We recently celebrated the 60th anniversary of the 
conquest of the world’s highest mountain. But this 
90-year-old feature-length film records an earlier, 
unsuccessful, attempt. Mallory and Irvine's 1924 
expedition was filmed by Captain Noel in black-and-white. 


mms Mission To The Edge Of Space 
wits Abbey Home Media Group, DVD, £7.86 


Felix Baumgartner was the first person to break 
the sound barrier in free-fall, by jumping from 
38.9km (127,852ft). While falling he went into a spin 
that looked set to make this feat his last. Now you 
can relive those tense moments with this riveting documentary. 


David Attenborough: The 3D Collection 


Go Entertain, Blu-ray, £36.21 


Put your 3D TV to use with this set of three new 
series from David Attenborough. Galapagos offers 
a glimpse of unique wildlife, while Kingdom Of Plants 
reveals the hidden life of our green friends. And if 
you're brave, Micro Monsters gets intimate with creepy crawlies. 


Dissected 
BBC Four, 17 February, TBC 


LOOK AT YOUR hand and think of all 
the things you can do with it. In this 
two-part series, Dr George McGavin 
takes a look under the skin to find 
out what makes the hand so uniquely 
adaptable. Dissecting human hands 
and feet, they reveal the hidden 
structures, alongside interviews with 
climbers, magicians and dancers who 
put them to extraordinary uses. 


Hormones 
BBC Four, 25 February, TBC 


THERE'S MORE TO hormones than 
inexplicably wanting chocolate once 
a month. They affect both sexes, 
influencing how we grow, what we 
eat, even who we fancy. But, as 
Prof John Wass discovers, hormone 
research has a strange history and 
there's still plenty we don't know 
about the chemical messengers that 
carry instructions about our bodies. 


TESTOSTERONE 
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LISTEN 


BBC RADIO PROGRAMMES 


WITH TIMANDRA HARKNESS 


14 JANUARY 


Gene Doping 


BBC World Service, 14 January, TBC 


“AS SOON AS studies in mice 
were published, the researchers 
were inundated with messages 
from athletes saying ‘Experiment 
on mel’,” says American 
journalist David Epstein. And 
this isn't a new steroid or 
training method, this is altering 
the genetic code that your 
parents bequeathed you. 

Tim Franks investigates the 

new frontier in sporting 
enhancement, already banned 
by the World Anti-Doping 
Agency, but impossible to 
detect. Can the medical 
innovations that could one day 
beat incurable diseases be kept 
out of sport? 


22 JANUARY 


Neuroaesthetics 
On Trial 


BBC Radio 4, 22 January, 9pm 


WHAT HAPPENS WHEN you 
look at a painting? Your eyes 
take in light, of course, but 
what happens next is the 
interesting part. Author Dr 
Tiffany Jenkins asks what 
neuroscience can add to 

our knowledge of how we 
appreciate the arts. Can new 
developments in neuroscience 
give us a deeper understanding 
of poetry, music and visual art? 
Or should we spend less time 
looking at MRI scans and more 
in the art gallery? 


Exchanges At 


The Frontier 
BBC World Service, February TBC 


CAN THE BIGGEST personal 
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grant in the history of science 
- abillion Euros - build a 
supercomputer to mimic the 
human brain? And if our bodies 
contain more bacterial cells 
than human ones (in a ratio of 
9:1) in what sense are we 
human? Philosopher AC 
Grayling explores these and 
other questions with the 
scientists doing the research, 
in front of a live audience at 
London's Wellcome Collection. 


= 


Can we make a computer with 
connections that mimic the 
brain's heurones? 


FROM 4 FEBRUARY 


Nature 
BBC Radio 4, starts 4 February, 
time TBC 


IT’S THE RETURN of the natural 
history series that travels the 
world in search of sounds and 
stories that will make you go, 
“Aww” and “Wow!” There's a 
wintry theme to start the 
season, with lands of ice and 
fire, Arctic Terns and other 
denizens of the frozen north. 
Find out how animals survive in 
freezing conditions where food 
is often scarce. 


Learn about the harsh environment that 
Arctic Terns have to cope with 


RS 7 at Aas ie x2 


TOUCH 


SMARTPHONE & TABLET APPS 


WITH CHRISTOPHER BRENNAN 


SSS 
Life In The Womb 


iPhone, iPad, and iPod touch, iOS 7 or later 
The Science Picture Company, £2.99 


THIS APP BRINGS to life the 
process of a couple of cells 
growing into a human. Far from 
just a resource for expectant 
parents, Life In The Womb uses 
high-quality visuals to explain 
what goes on at each stage of 
gestation. You can navigate to 
a specific week to see what 
stage a foetus would be in and there's a dictionary to help with the 
terminology. The 3D images are particularly impressive, showing 
the individual stages of development for major organs. 


UNAWE Space Scoop 


Android 2.2 or later 
Gabriel Dogaru, free 


GET THE VERY latest astronomy news delivered 
to your handset with this new app. Each week 
at least two new stories are added. You can 
navigate by simply tapping on a picture or see 

a brief overview before delving deeper. The 

app is aimed at children over 8 years old, but 

it's a treasure trove of information on everything 
from comets to galaxies and black holes and 

is suitable for those of us slightly older than 

that too. 


Collider 


Android 2.2 or later 
Oxford University, free 


FROM THE UNIVERSITY of 
Oxford, Collider is a companion 
to the Large Hadron Collider 

at CERN in Switzerland. The 
app allows you to see data 
from the ATLAS experiment 
looking at the most fundamental 
components of the cosmos and stream live events directly to your 
phone when the LHC is up and running. There are also five different 
puzzles to choose from that help to further your understanding 

of particle physics. You can identify electrons and muons and 
discover how W and Z 

bosons decay and p shy _== 
even observe that most CHRISTOPHER BRENNAN is a 
elusive of particles: the Higgs technology journalist and mobile 
Boson itself. app expert 


© EVENTS & EXHIBITIONS 


WITH JHENI OSMAN 


Quacks & Cures 


Hunterian Museum, London, free, www.hunterianmuseum.org 


EVERYTHING FROM RECIPE-style books of cures for common 
ailments to lists of suspected practitioners of ‘quackery’ feature 
in this display from the archives of the Royal College of Surgeons. 


Wallace: Evolution’s Forgotten Father 


Swansea Museum, free, www.swanseamuseum.co.uk 


IT’S YOUR LAST chance to see this exhibition 
tracing the life of Victorian naturalist Alfred 
Russel Wallace, the often overlooked pioneer 
of evolution who died in November 1913. 


Fail 


Science Gallery, Dublin, free, dublin.sciencegallery.com 


DOES FAILURE DRIVE innovation? Explore its role in science, 
technology and design at this exhibition, which looks at everything 
from the Deepwater Horizon disaster to bankruptcy and 
thalidomide, and questions the role of failure in society. 


Foreign Bodies, Common Ground 


Wellcome Collection, London, free, www.wellcomecollection.org 


SIX ARTISTS, SIX countries, six months. This exhibition shows work 
by artists residing in medical research centres in Kenya, Malawi, 
South Africa, Thailand, Vietnam and the UK, revealing the complex 
relationship between science and local communities. 


Britain: One Million Years Of The Human Story 


Natural History Museum, London, adult £9, child and concession £4.50, 
family £24, members free, www.nhm.ac.uk/britainmillionyears 


MEET GREAT, GREAT, great Britons. Travel back in time nearly one 
million years to discover what life was like for our ancient relatives. 
Come face to face with life-size Neanderthal models and, among 
other fascinating artefacts, see the world’s oldest wooden spear. 


Mammoths Of The Ice Age 


National Museums Scotland, Edinburgh, free, www.nms.ac.uk 


IF YOUR CLONING skills aren't quite up to scratch, 

the next best way to discover more about the woolly 
mammoth is at this exhibition. Skull casts, fossil jaws, teeth 
and tusks, as well as some of the oldest human art, shed 
light on these 6-tonne beasts. Plus, see a replica of Lyuba, 
the 40,000-year old baby unearthed in Siberia in 2007. 


Valentine's Evening With The Stars 


ROG, London, various times and prices, www.rmg.co.uk 


DISCOVER THE ROMANTIC sights the night sky has to offer, 
stargaze through the 18-tonne Victorian telescope, and enjoy 
a glass of bubbly on the Prime Meridian in historic Greenwich. 


Brighton Science Festival 


Various venues, times and prices, www.brightonscience.com 


THE THEMES OF this year’s sea-side festival are the science of 
warfare, fairness, food and diet. You can also get up to speed on 
the future of the internet with talks, workshops and activities. 


Archaeological Detectives 


Museum of London, various times, £3 per child 
www.museumoflondon.org.uk 


Here's a chance to train your little ones (6-12 
years old) for a future reboot of Time Team. 
They can handle treasures, identify Roman 
animal paw prints and sort ancient pottery. 
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Sonic 
Wonderland 


A Scientific Odyssey Of Sound 


Trevor Cox 
The Bodley Head @ £20 


POKEN WHILE STANDING on 
the precipice of a London sewer, 
these three words ‘Is it safe?” 
mark the beginning of Trevor 
Cox's fascination with the sonic wonders 
of our world. Unexpected acoustic effects 
encountered during this subterranean 
adventure sparked a desire to seek 
out and experience other aural gems 
wherever they may be. 
Through the course of this book we 
accompany Cox as he visits a plethora 
of acoustic phenomena that would 
make any audiophile green with envy. 
A stalactite organ in the Luray Caverns 
of Virginia, a musical road in California 
that plays Rossini’s William Tell Overture, 
booming bitterns in a Somerset reed bed, 
the most powerful waterfall in Europe and 
a whispering arch on an ancient monastic 
site in Ireland are just a few of the 
many highlights. 
Cox also includes the thoughts, 
experiences and hopes of a number 
of key figures from what is quickly 
becoming a vast, multilayered sonic 
community. Renowned wildlife sound 
recordist Chris Watson recalls the 
overwhelming power of insect choruses 
in the Congo and immense ice floes in 
the Southern Ocean. Prof Angus Carlyle 
from the University of the Arts London 
considers whether public sound art 


“We learn about 
the sounds of 
water, thunder, 
ice, sonic booms 
and mud pools” 
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will one day reach the same level of 
acceptance as its visual counterpart. And 
Italian artist Davide Tidoni explains his 
fascination with unusual sound effects 
hidden within urban landscapes. 

Though each chapter centres on 
a particular theme, the content is 
incredibly diverse. Take chapter six as 
an example; this section is mainly about 
the singing sands of the Mojave Desert, a 
phenomenon which is still not completely 
understood. Yet we also learn about 
the sounds of water, thunder, ice, sonic 
booms and bubbling mud pools. 

Cox has an easy style and manages 
to explain the principles of acoustics 
without adopting a dumbing down 
approach. He respects his audience 
and it’s a joy as a reader to follow 
his captivating forays into this ‘sonic 
wonderland’ that surrounds us all. His 
enthusiasm is palpable and | challenge 
anybody to read this book and not 
want to experience for themselves at 
least one of the subjects described. 
This really is a perfect book for anybody 
with an interest in sound. 


CHERYL TIPP is Curator of Natural Sounds 
at the British Library 


© Hardback ® Paperback 


Trevor 
Cox 


What got you interested in 

unusual sounds? 

| was taken down into a sewer - against 
my best wishes! - to do an interview, and 
| heard this most amazing sound effect. It 
made me realise that | spend my entire 
life as an acoustic engineer trying to get 
rid of defects. There was a swirling 
sound in the sewer and | thought: 
‘actually, there are times when these 
sound effects can be quite fun.’ | started 
thinking about what would be the most 
amazing sounds in the world, and that's 
where the idea came from. 


Where's the strangest place you’ve 
been in your search for sonic wonders? 
One of the most unusual places | went to 
was Teufelsberg, an old listening station 
in West Berlin where the Americans and 
Brits used to spy on the East. Inside, at 
the top of this derelict building, is a 
‘radome’ that has amazing echoing effects. 
In spherical rooms such as this you can 
actually whisper sweet nothings into your 
own ear! This is because the sound 
waves skim around the inside of the 
curved surface and stick to the side - the 
same effect happens in the Whispering 
Gallery at St Paul’s Cathedral. 


Do you have a favourite sound from 
your travels? 

One sound | really like, which I've only 
heard in recordings so far, is the sound of 
a puffin. Puffins are rather comical looking 
birds - they're called the clowns of the sea 
- and they make the most incredible 
sounds in burrows. It sounds like they're 
sarcastically laughing to each other 
through the walls. 


CAN YOU GUESS MYSTERY 

SOUNDS ON THE PODCAST? 
Listen to Trevor Cox's strangest noises on our 
podcast at sciencefocus.com/podcasts 


Our Mathematical Universe 
My Quest For The Ultimate Nature Of Reality 
Max Tegmark 

Allen Lane @ £25 


MAX TEGMARK |S a professor of physics 
at MIT and a leading expert on theories of 
the Universe. But he's also arguably the 
nearest we have to a successor to 
Richard Feynman, the bongo-playing, 
wise-cracking physicist who proved it is 
possible to be smart, savvy and 
subversive at the same time. 

Tegmark has carved out a career as a 
physicist willing to ponder mind-boggling 
issues like the existence of multiple 
universes, yet without being dismissed as 
a crackpot by his peers. As he admits in 
this engrossing account of his career and 
thinking, this has enabled him to stay under 
the radar of the scientific establishment. 

But now ‘Mad Max’ has been given the 
freedom of an entire book. And he hasn't 
wasted it. Around half of it is a lucid tour 
d'horizon of what we know about the 
Universe. The rest is an exhilarating 
expedition far beyond conventional 
thinking, in search of the true meaning of 
reality. Don’t be fooled: Tegmark is a very 
smart physicist, not a hand-waving 
philosopher, so the going gets tough in 
parts. But his insights and conclusions 
are staggering - and perhaps even crazy 
enough to be true. 

EERE 


The Last Alchemist In Paris 
And Other Curious Tales From Chemistry 

Lars Ohrstrom 

Oxford University Press @ 16.99 


MY FOUR-YEAR chemistry degree course 
made little reference to history. We learnt 
nothing of acetone’s vital contribution as 
a solvent of nitroglycerine to the 
production of cordite in the First World 
War, or of the 19th-Century discovery 
that iodine deficiency in the thyroid gland 
caused goitre. Nor did anyone inform us 
how to tell a diamond from a zirconia: 
hold it to your upper lip. Diamond, as a 
good conductor of heat, will cool your 
skin, whereas zirconia, as an insulator, 
will make no difference. 

Such stories form Lars Ohrstrém’s 
beguiling book. He’s a Swedish chemical 
engineer with a talent for dramatising the 
unfamiliar role of chemistry in historical 
events. In his finest chapter, ‘Bonaparte's 
Bursting Buttons’, he deconstructs a 
famous anecdote that Napoleon's soldiers, 
retreating from Moscow in 1812, suffered 
dreadfully because the tin buttons on 
their clothing disintegrated. The white tin 
had changed into less dense, non-metallic 
grey tin under sub-zero conditions. 

Not every chapter is as focused, 
however, and astonishingly chemist 
Primo Levi's 1980s classic, The Periodic 
Table, goes unmentioned. 
it ft 


ROBERT MATTHEWS is a Visiting Reader in 
Science at Aston University 


Alien Universe 
Extraterrestrial Life In Our Minds 

And In The Cosmos 

Don Lincoln 

Johns Hopkins University Press @ #1950 


ANDREW ROBINSON is the editor of 
The Scientist: An Epic Of Discovery 


WHETHER OR NOT intelligent alien life exists 
is, Don Lincoln argues, one of the biggest 
questions of all time. Looking for an answer 
he delves into the rich history of the alien 
phenomenon from the 1835 ‘Moon Hoax’, 
through the reported sightings of ‘Foo 
Fighters’ by World War II pilots, to more 
recent claims of abductions. Popular films 
and TV shows, such as Star Trek and The 
X-Files, are also discussed, and Lincoln 
points out that our changing concept of the 
‘alien’ often mirrors the hopes and fears of 
society at the time. For example, the 1951 
film The Day The Earth Stood Still reflects 
the anxiety in coming to terms with our 


The Long And Th 
The Science Of Life Span & Aging 


Jonathan Silvertown 
The University of Chicago Press © #1750 


o Short Of It 


HERE'S AN EXTRAORDINARY statistic: 
over the last two centuries, human life 
expectancy has roughly doubled. Since 
1840, the average lifespan of our species 
has been increasing by around three 
months every year. Or, to put it another 
way, by 15 minutes per hour. What is to 
stop us living longer and longer, perhaps 
even forever? It’s a question that has 
occupied plenty of human minds and it’s 
one that now takes centre stage in this 
provocative book. 

Ecologist Jonathan Silvertown tackles 
the subject of lifespan and ageing as ‘a 
series of linked puzzles’. Why is it, for 
instance, that bacteria only live for a 
matter of hours when the ocean quahog 
(a kind of clam) can reach 400 years? 
How come conifers can live more than 
10 times that long? Why do some species 
breed year in year out their entire adult 
lives while others throw everything 
they've got into one monumental 
reproductive effort? As Silvertown 
resolves these conundrums, he throws 
in plenty of fascinating facts, refers to 
dozens of plants and animals, and boasts 
an eclectic cast of human actors from 
Darwin to Bob Dylan and Dr Seuss. 
iit ft 


HENRY NICHOLLS is a journalist and the 
author of The Way Of The Panda 


species’ newfound capability for self 
annihilation in a nuclear holocaust. 

The book is a level-headed fusion of pop 
culture and the latest scientific advances in 
the field of astrobiology, discussing the 
requirements for life on Earth. But while the 
efforts of SETI (the Search for Extraterrestrial 
Intelligence) to detect radio signals from 
advanced civilisations are praised, Lincoln 
professes that he believes the likelihood 
of an alien visitation is extremely unlikely. 
itt 


LEWIS DARTNELL is an astrobiologist and 
the author of Life In The Universe 
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Happy City 
Transforming Our Lives Through Urban Design 


Charles Montgomery 
Penguin ® £16.99 


IN THIS TIMELY book, Charles Montgomery draws on psychology, 
neuroscience and sociology - as well as his own globetrotting 
investigations - to shine a light on the many mistakes made in 
modern urban design. A desire for space and status has led us to 
build our cities horizontally and to prioritise the free passage of 
cars. The effects have been devastating for health and happiness. 
Miles of anonymous suburban hinterlands are populated by lonely, 
overweight commuters, their daily drive into the city only serving 
to choke and dehumanise our public spaces further. 

But it’s not all doom and gloom. Montgomery goes on to explain 
how to breathe life back into our urban spaces by making them 
walkable and ultimately humane again. He cites New York's Times 
Square and London's Trafalgar Square as examples of how 
pedestrian programmes can provide our shared spaces with the 
opportunity for chance human contact. 

A book about streets and buildings might superficially seem like 
a dry, uninspiring read, but this is a rich human story with 
enlightening anecdotes and interesting ideas waiting on every 
page. | only hope policy makers and planners take note. 
EERE 


CHRISTIAN JARRETT is a cognitive neuroscientist and science writer 
and the author of The Rough Guide To Psychology 


The Dynamics Of Disaster 


Susan W Kieffer 
W. W. Norton & Company © 18.99 


THE TROUBLE WITH books about natural disasters is that they 
soon become dated. Nature cannot be put on hold and, inevitably, 
at least one high-profile catastrophe will take its toll in the hiatus 
between writing and publication. From this perspective, Kieffer’s 
book is already showing its age as it's missing the recent battering 
of the Philippines by Typhoon Haiyan. This isn't a problem, though. 
As the book's title suggests, the author's aim is not simply to 
describe natural disasters, although she does this admirably, but to 
examine the mechanisms and processes that cause them. 

Kieffer takes a novel approach that involves thinking about 
natural catastrophes in terms of changes to ‘systems’ that 
otherwise present no threat. Add a deluge to a peacefully flowing 
river, for example, and you can end up with a devastating flood. The 
book is accessible and benefits from a personal perspective. It 
covers all the major natural threats in a comprehensive fashion and 
concludes by proposing a ‘Centre for Disaster Control’ to tackle 
disasters at the global level. Having proposed something similar 
after the Indian Ocean tsunami, with little success, | wish Kieffer 
the best of luck. This book should help to start the ball rolling. 

ii tf | 


BILL MCGUIRE is Professor of Geophysics & Climate Hazards at 
University College London and the author of Waking The Giant 
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My Age Of Anxiety 


Fear, Hope, Dread And The Search For 
Peace Of Mind 


Scott Stossel 
William Heinemann @ £20 
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WRITING A BOOK is known to be quite a 
stressful experience, as is having it published 
and reviewed by strangers. As such, it's 
easy to imagine Scott Stossel experiencing 
serious anxiety when writing this book, but 
that’s a given as it's all about anxiety, and 
he is achronic sufferer. 

Anxiety is one of the most common 
mental disorders in the developed world, 
but despite this it seems to be overlooked. 
Perhaps this is because, like depression, 
the same word is used to describe a 
fleeting emotion and a chronic condition. 

Stossel’s book could well change that. 
From the very first pages he unflinchingly 
describes just how debilitating and 
upsetting full-blown anxiety can be, and 
doesn't really let up throughout. His 
attempt to present a comprehensive 
overview of anxiety in every capacity 
(philosophy, psychology, neuroscience, 
evolution and more) is a bold one, and the 
fact that he can switch from discussing 


neurotransmitters to early psychoanalysis 
within a single paragraph, and not make it 
feel jarring, is a clear testament to his fluid 
and engaging writing style. 

It's not totally without issues, though. 
Stossel's approach is understandably one 
of the very enthusiastic amateur in terms 
of the science discussed. Freudian 
theories or imaging studies are often 
referred to without critique, presenting 
them as established principles rather than 
often-debated viewpoints. As well as this, 
the scope of the book, incorporating every 
possible avenue of thought on anxiety, may 
leave some a bit baffled. 

But for anyone who wants to know all 
about anxiety from a dazzlingly honest 
sufferer’s perspective, it's hard to imagine 
a better book than this. 

EEE 


DEAN BURNETT is a neuroscientist and 
author of The Guardian's Brain Flapping blog 
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Test your knowledge with our Big Quiz set by James Lloyd 


= Don't miss Six Degrees 
sal\iem Of Separation, a 
science quiz show 


with Professor Brian Cox on 
BBC Two this year 
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4 Which inventor can be seen here 


sitting in his Colorado Springs lab 
in 1899? 


a) Thomas Edison 
b) Nikola Tesla 
c) Alexander Graham Bell 
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a) They use a second set of vocal 
cords located outside the voice box 
b) They suck in air through their 
anus and burp it out 

c) They vibrate their tongues 
against their palate 


Which company is testing unmanned 
drones to deliver goods to 
customers? 


a) Tesco 
b) Amazon 
c) IKEA 


What is the name of the HD webcam 
that was recently launched into 
space? 


a) UrtheCast 
b) BigBrotherEarth 
c) SayCheese! 


1 What structure celebrated 15 years On what planet can this hexagonal 10 In December 2013, Prof Peter Higgs 
in space in November 2013? superstorm be found, spanning received his Nobel Prize for Physics 
ae around 30,000km (20,000 miles) in which European city? 
a) The Cassini spacecraft yee 
b) International Space Station y a) Oslo 
c) Hubble Space Telescope a) Jupiter b) Copenhagen 
b) Uranus c) Stockholm 
c) Saturn 
9 Geneticist Dr Eugene McCarthy 
recently made the controversial 11 Complete the recent news headline: 
claim that humans evolved after: = is even more colossal than 
a) A pig mated with an orangutan previously thotlents 
b) A pig mated with a chimpanzee a) Yellowstone supervolcano 
c) Achimpanzee mated with an b) Great Barrier Reef 
orangutan According to University of Bristol c) The Moon 
scientists, the climate of Mordor in 
Tolkien’s Middle-earth, resembles 
: that of which region? . ; 
3 According to new research from Which celebrity has set up an 
MIT, what is the world’s most a) Eastern Japan electric car racing team to promote 
difficult tongue twister? b) North Yorkshire environmentally friendly vehicles? 
a) Three Swedish switched witches en eStemn les a) Leonardo DiCaprio 
watch three Swiss switches b) Miley Cyrus 
b) Fifty flickering frogs claim clams c) Bono 
corrupt 7 According to recent research, 
c) Pad kid poured curd pulled cod how do koalas produce their low- 
i 2 
pitehed bellows! 13 This scary-looking ‘Merman’, 


created from parts of different 
animals, can be found in which 
museum in London? 


a) Science Museum 
b) Natural History Museum 
c) Horniman Museum 
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ACROSS 


9 Credit union has nothing about one in 
old money (8) 

10 Drink of character, say (3) 

TI Inner membrane with no main 

shape (6) 

12 Military jet misses fifth African city (6) 

13 Quietly play my role in compound (7) 

14 Notes victory by unknown group (4) 

15 Odd portion revealed extinct 

marsupial (10) 

17 My, my - rest moves in proportion (8) 

18 Nowadays | can't run in to get pain 

relief (7) 

19 Gold gives artist a distinctive 

quality (4) 

21 Less sensitive to quantity (6) 

24 Philosophy that sounds rational and 

optimistic (710) 

27 Refrain from getting caught by sun 

god (6) 

29 Masterstroke, only putting trophy out 

4) 

30 Some medicine in the cockpit (7) 

33 Near riot developing at the front (8) 

35 Indigo cats turn out to be 
symptomatic (10) 

36 Some memory of a snack, say (4) 

37 Told of being part of the family (7) 

38 They weigh stuff that's around fish (6) 

40 Cure my deer problem (6) 

41 Male to get married (3) 

42 Scholar is not practical (8) 


YOUR DETAILS 


NAME 


DOWN 


1 Rail about getting share in a number 
(10) 

2 Vehicle takes last character to see 
ruler (4) 

3 Politicians produce awfully trite 

books (8) 

4  Trooped out a weapon (7) 

5 Newas Messiah to stopping of 

circulation (11) 

6 Stop mud and rain affecting swimmer 

10) 

7 Allowsailor to follow directions to the 

French (6) 

8 Opposite of talk (8) 

10 Working a lot with new nail (5) 

16 Mineral in large formation by a river (7) 

20 Taught only left turn to reach Samoan 
island (5) 

22 Cell division is some problem with 
head of institute (7) 

23 Choose to rely unwisely on solution 
(11) 

25 Huge increase heard in 
extraterrestrial radiation (6,4) 

26 A timid mule ran from television and 
radio (10) 

28 Melonis a product of aphids (8) 

31 Acinema’s organised, but he forgets 
to go (8) 

32 Group regarded as cutting edge (4,3) 

34 The cricket team’s legs (6) 

35 Throw mud at single piece of 
information (5) 

39 Primate gets kiss at summit (4) 
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TEL 
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Post entries to BBC Focus Magazine, February 2014 Crossword, PO Box 
501, Leicester, LE94 OAA or email a scan of the completed crossword or a 
list of answers to february2014@focuscomps.co.uk by 5pm on 6 February 
2014. Entrants must supply name, address and phone number. Immediate 
Media, publisher of BBC Focus Magazine, may contact you with details of 
our products and services or to undertake research. Please write ‘Do Not 
Contact’ on your email or postal entry if you do not want to receive such 
information by post or phone. Please write your email address on your 
postal entry if you would like to receive such information by email. 


Privacy Policy at www.immediatemedia.co.uk/privacy-policy. The winning entrants will be 
the first correct entries drawn at random after the closing time. The prize and number of 
winners will be as shown above. The winners will be notified within 30 days of the closing 
date by post. Immediate Media's decision is final and no further correspondence relating to 
the competition will be entered into. If the winner cannot be contacted within one month of 
the closing date, Immediate Media reserves the right to offer the prize to a runner-up. 
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ILLUSTRATOR: TIM MCDOMAGH 


LIKE EVERY MOTHER | want my children to be 
happy, healthy and hedge fund managers. They'd 
suck the soul from dinner parties but they'd earn 
millions. If only | lived on the planet Krypton, 
where babies are born genetically programmed 
for particular jobs. That’s according to Superman 
reboot Man Of Steel, which sees a giant birthing 
pool device called the Codex fashion the fledgling 
DNA of unborn Kryptonians into warriors, 
politicians and pop stars (probably). But could 
such biological determinism ever be possible? 
Ten years ago the Human Genome Project 
finished decoding the 23,000 or so human 
genes, spawning a very gene-centric view 
of the world. The media were quick to report 
on ‘a gene for’ everything from happiness to 
homosexuality. “But there is no ‘gene for’ complex 
traits such as personality, behaviour or becoming 
an engineer,” says geneticist Carl Anderson from 
the Wellcome Trust Sanger Institute, Cambridge. 
“Human characteristics are influenced by many 
thousands of variations to the genetic code.” 
Scientists are a long way from mapping all 
these changes. But if we found them, what's to 
stop us nefariously tweaking the genomes of 
test-tube babies to produce a generation of estate 
agents? The fact is, it wouldn't work. Single genes 
influence many different biological systems. Start 


tinkering with them en masse, and you're likely to create unpredictable side 
effects such as increased risk of disease. 

There's more. We're all products of both nature and nurture, and complex 
traits such as career choice are massively influenced by our upbringing and 
opportunities. Raise a genetic warrior as a professional dancer and you're 
more likely to get Strictly Come Dancing than murder on the dance floor. 

And even that’s only part of the story. We're also influenced by a third 
factor: epigenetics. The term refers to tiny chemical marks that alter gene 
activity without changing the genetic code. Some are determined by our 
DNA, some are triggered by environmental factors such as diet and others 
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are generated at random. And we have even less control over our 
epigenetic make-up than we do our genes. Even if we cloned an army 
of warriors and raised them all the same, they'd still all be different. 
“The idea that you can take a blank individual, make genetic changes 
to them here and there and then have them turn into an engineer, 
scientist or warrior - it's just ridiculous,” says Anderson. Although 
arguably not as ridiculous 
as a flying grown man 
wearing his pants over 
his skin-tight onesie. ™ 


HELEN PILCHER is a science writer and 
comedian. She tweets from @helenpilcher1 
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